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PREFACE 


In  preparing  this  book  the  author  had  in  mind  the  wants  both  of 

0^  the  student  and  the  teacher.     For  the  student's  use  the  more  diffi- 

I  cult  portions,  particularly  that  on  the  embryology,  may  be  omitted. 

■^  The  work  has  grown  in  part  out  of  the  writer's  experience  in  class 

"^  work. 

In  instructing  small  classes  in  the  anatomy  and  metamorphoses 

Jj  of  insects,  it  was  strongly  felt  that  the  mere  dissection  and  drawing 

'^  of  a  few  types,  comprising  some  of  our  common  insects,  were  by  no 

^  means  sufficient  for  broad,  thorough  work.      Plainly  enough  the 

laboratory  work  is  all  important,  being  rigidly  disciplinary  in  its 

methods,  and  affording  the  foundation  for  any  farther  work.     But 

to  this  should  be  added  frequent  explanations  or  formal  lectures, 

and  the  student  should  be  required  to  do  collateral  reading  in  some 

general  work  on  structural  and  developmental  entomology.     With 

this  aim  in  view,  the  present  work  has  been  prepared. 

It  might  be  said  in  explanation  of  the  plan  of  this  book,  that  the 
students  having  previously  taken  a  lecture  course  in  the  zoology  of 
the  invertebrates,  were  first  instructed  in  the  facts  and  conclusions 
bearing  on  the  relations  of  insects  to  other  Arthropoda,  and  more 
especially  the  anatomy  of  Peripatus,  of  the  Myriopoda,  and  of  Scolo- 
pendrella.  Then  the  structure  of  Campodea,  Machilis,  and  Lepisma 
was  described,  after  which  a  few  types  of  winged  insects,  beginning 
with  the  locust  and  ending  with  the  bee,  were  drawn  and  dissected ; 
the  nymph  of  the  locust,  and  the  larva  and  pupa  of  a  moth  and  of 
a  wasp  and  bee  being  drawn  and  examined.  Had  time  permitted, 
an  outline  of  the  embryology  and  of  the  internal  changes  in  flies 
during  their  metamorphoses  would  have  been  added. 


vi  PRE  FA  CE 

This*  book  gives,  of  course  with  much  greater  fulness  and  detail 
for  reference  and  collateral  reading,  what  we  roughly  outlined  in 
our  class  work.  The  aim  has  been  to  afford  a  broad  foundation  for 
future  more  special  work  by  any  one  who  may  want  to'  carry  on  the 
study  of  some  group  of  insects,  or  to  extend  in  any  special  direc- 
tion our  present  knowledge  of  insect  morphology  and  growth. 

Many  of  our  entomologists  begin  their  studies  without  any  pre- 
vious knowledge  of  the  structure  of  animals,  taking  it  up  as  an 
amusement.  They  may  be  mere  collectors  and  satisfied  simply  to 
know  the  name  of  their  captures,  but  it  is  hoped  that  with  this 
book  in  their  hands  they  may  be  led  to  desire  farther  information 
regarding  what  has  already  been  done  on  the  structure  and  mode  of 
growth  of  the  common  insects.  For  practical  details  as  to  how  to 
dissect,  to  make  microscopic  slides,  and  to  mount  and  preserve 
insects  generally,  they  are  referred  to  the  author's  "Entomolog}'  for 
Beginners." 

It  may  also  be  acknowledged  that  even  in  our  best  and  latest 
general  treatises  on  zoology,  or  comparative  anatomy,  or  morphology, 
the  portion  related  to  insects  is  scarcely  so  thoroughly  done  as  those 
parts  devoted  to  other  phyla,  that  of  Lang,  however,  his  invaluable 
Comparative  Anatomy,  being  an  exception.  On  this  account,  there- 
fore, it  is  hoped  that  this  hiatus  in  our  literature  may  be  in  a  degree 
filled. 

The  author  has  made  free  use  of  the  excellent  article  "Insecta" 
of  Newport,  of  Lang's  comprehensive  summary  in  his  most  useful 
Text-book  of  Comparative  Anatomy,  of  Graber's  excellent  Die 
Insecten,  of  Miall  and  Denny's  The  Structure  and  Life-History  of 
the  Cockroach,  and  of  Sharp's  Insecta.  Kolbe's  Einftlhrung  has 
been  most  helpful.  But  besides  these  helps,  liberal  use  has  l>een 
made  of  the  very  numerous  memoirs  and  monographic  articles 
which  adorn  our  entomological  literature.  The  account  of  the 
embryology  of  insects  is  based  on  Korschelt  and  Heider's  elaborate 
work,  Lehrbuch  der  Vergleichenden  Entwicklungsgeschichte  der 
Wirbellosen  Thiere,  the  illustrations  of  this  portion  being  mainly 
taken  from  it,  through  the  Messrs.  Swan  Sonuenschein  &  Co., 
London. 


PRE  FA  CE  vii 

Professor  H.  S.  Pratt  has  kindly  read  over  the  manuscript  ^ind  also 
the  proofs  of  the  portion  on  embryology  and  metamorphoses,  and 
the  author  is  happy  to  acknowledge  the  essential  service  he  has 
rendered. 

The  bibliographical  lists  are  arranged  by  dates,  so  as  to  give  an 
idea  of  the  historical  development  of  each  subject.  The  aim  has 
been  to  make  these  lists  tolerably  complete  and  to  include  the 
earliest,  almost  forgotten  works  and  articles  as  well  as  the  most 
recent. 

Much  care  has  been  taken  to  give  due  credit  either  to  the  original 
sources  from  which  the  illustrations  are  copied,  or  to  the  artist; 
about  ninety  of  the  simpler  figures  were  drawn  by  the  author,  many 
of  them  for  tliis  work.  For  the  use  of  certain  figures  acknowledg- 
ments are  due  to  the  Boston  Society  of  Natural  History,  to  the 
Division  of  Entomology,  U.  S.  Department  of  Agriculture,  through 
the  kind  offices  of  Mr.  L.  0.  Howard,  and  to  the  Illinois  State 
Laboratory  of  Natural  History,  through  Professor  S.  A.  Forbes  and 
Mr.  C.  A.  Hart.  Professor  W.  M.  Wheeler,  of  the  University  of 
Chicago,  has  kindly  loaned  for  reproduction  several  of  his  original 
drawings  published  in  the  Journal  of  Morphology.  A  number  are 
reproduced  from  figures  in  the  reports  of  the  United  States  Ento- 
mological Commission. 


Providence,  R.I., 

March  4,  1898. 
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PART   I.  —  MORPHOLOGY   AND   PHYSIOLOGY 

POSITION   OF  INSECTS  IN   THE  ANIMAL 

KINGDOM 

Although  the  insects  form  but  a  single  class  of  the  animal  king- 
dom, they  are  yet  so  numerous  in  orders,  families,  genera,  and 
species,  their  habits  and  transformations  are  so  full  of  instruction 
to  the  biologist,  and  they  affect  human  interests  in  such  a  variety  of 
ways,  that  they  have  always  attracted  more  attention  from  students 
than  any  other  class  of  animals,  the  number  of  entomologists  greatly 
surpassing  that  of  ornithologists,  ichthyologists,  or  the  special  stu- 
dents of  any  other  class,  while  the  literature  has  assumed  immense 
proportions. 

Insects  form  about  four-fifths  of  the  animal  kingdom,  'there  are 
about  250,000  species  already  named  and  contained  in  our  museums, 
while  the  number  of  living  and  fossil  species  in  all  is  estimated  to 
amount  to  between  one  and  two  millions. 

In  their  structure  insects  are  perhaps  more  complicated  than  any 
other  animals.  This  is  partly  due  to  the  serial  arrangement  of  the 
segments  and  the  consequent  segmental  repetition  of  organs,  espe- 
cially of  the  external  appendages,  and  of  the  muscles,  the  tracheae, 
and  the  nerves.  The  brain  is  nearly  or  quite  as  complicated  as  that 
of  the  higher  vertebrates,  while  the  sense-organs,  especially  those  of 
touch,  sight,  and  smell  are,  as  a  rule,  far  more  numerous  and  only 
less  complex  than  those  of  vertebrates.  Moreover,  in  their  psychical 
development,  certain  insects  are  equal,  or  even  superior,  to  any  other 
animals,  except  birds  and  mammals. 

The  animal  kingdom  is  primarily  divided  into  two  grand  divisions, 
the  one-celled  (Protozoa)  and  many-celled  animals  (Metazoa).  In  the 
latter  group  the  cells  and  tissues  forming  the  body  are  arranged  in 
three  fundamental  cell-layers ;  viz.  the  ectoderm  or  outer  layer,  the 
mesoderm,  and  endoderni.     The  series  of  branches,  or  phyla,  com- 
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prised  under  the  term  Metazoa  are  the  Porif era,  Coelenterata,  Vermes, 
Echinodermata,  MoUusca,  Arthropoda,  and  Vertebrata,  Their  ap- 
proximate relationships  may  be  provisionally  expressed  by  the  fol- 
lowing 


Tabular  View  of  the  Eight  Branches  or  Phyla  of  the 

Animal  Kingdom. 
VIII.    Vertebrata. 

Ascidfans  and  Fishes 
to  Man. 

VII.   Arthropoda, 

Trilobites,  Crustacea,  Arachnida, 

Insects,  «tc. 

VI.   Mollusca, 

Clams,  Snails,  Cuttles. 


V.   Echinodermata. 

Crinoids,  Star-Ash,  Sea-urchins,  etc 


J 


IV.    Vermes. 
Flat  and  Round  Woniis,  Polyzoa,  Brachio|M>ds,  Annelids. 


III.    Coelenterata. 

Hydra,  Jelly-flshos. 

I 


II.    Porifera. 

sponges. 


Metazoa. 

Many-celled  animals  with  8  cell-layers. 


I.   Protozoa. 

Sinjrlo-celled  animal.H. 


RELATIONS   OF  INSECTS  TO   OTHER  ARTHROPODA 

The  insects  by  general  consent  stand  at  the  head  of  the  Arthro- 
poda. Their  bodies  are  quite  as  much  complicated  or  specialized, 
and  indeed,  when  we  consider  the  winged  forms,  more  so,  than  any 
other  class  of  the  branch,  and  besides  this  they  have  wings,  fitting 
them  for  an  aerial  life.  It  is  with  little  doubt  that  to  their  power  of 
flight,  and  thus  of  escaping  the  attacks  of  their  creeping  arthropod 
enemies,  insects  owe,  so  to  speak,  their  success  in  life;  i.e.  their 
numerical  superiority  in  individuals,  species,  and  genera.  It  is  also 
apparently  their  power  of  moving  or  swimming  swiftly  from  one 
place  to  another  which  has  led  to  the  numerical  superiority  in  species 
of  fishes  to  other  Vertebrata.  Among  terrestrial  vertebrates,  the 
birds,  by  virtue  of  their  ability  to  fly,  greatly  surpass  in  number  of 
species  the  reptiles  and  mammals. 

The  Arthropoda  are  in  general  characterized  by  having  the  body 
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composed  of  segments  (somites  or  arthromeres)  bearing  jointed  ap- 
pendages. They  differ  from  the  worms  in  having  segmented  ap- 
pendages, Le.  antennae,  jaws,  and  legs,  instead  of  the  soft  un jointed 
outgrowths  of  the  annelid  worms.  Moreover,  their  bodies  are  com- 
posed of  a  more  or  less  definite  number  of  segments  or  rings,  grouped 
either  into  a  head-thorax  (cephalothorax)  and  hind-body,  as  in  Crus- 
tacea, or  into  a  head  differentiated  from  the  rest  of  the  body  (trunk), 
the  latter  not  being  divided  into  a  distinct  thorax  and  abdomen,  as  in 
Myriopoda;  or  into  three  usually  quite  distinct  regions  —  the  head, 
thorax,  and  hind-body  or  abdomen,  as  in  insects.  In  certain  aberrant, 
modified  forms,  as  the  Tardigrada,  or  the  Pantopoda,  and  the  mites, 
the  body  is  not  differentiated  into  such  definite  regions. 

In  their  internal  organs  arthropods  agree  in  their  general  relations 
with  the  higher  worms,  hence  most  zoologists  agree  that  they  have 
directly  originated  from  the  annelid  worms. 

The  position  and  general  shape  of  the  digestive  canal,  of  the 
nervous  and  circulatory  systems,  are  the  same  in  Arthropoda  as  in 
annelid  (oligochete)  worms,  so  much  so  that  it  is  generally  thought 
that  the  Arthropoda  are  the  direct  descendants  of  the  worms.  It  is 
becoming  evident,  however,  that  there  was  no  common  ancestor  of 
the  Aiihropoda  as  a  whole,  and  that  the  group  is  a  polyphyletic  one. 
Hence,  though  a  convenient  group,  it  is  a  somewhat  artificial  one, 
and  may  eventually  be  dismembered  into  at  least  three  or  four  phyla 
or  branches. 

The  follow^ing  diagram  may  serve  to  show  in  a  tentative  way  the 
relations  of  the  classes  of  Arthropoda  to  each  other,  and  also  may  be 
regarded  as  a  provisional  genealogical  tree  of  the  branch. 


9.  Insecta. 
4.  Arachnida, 


3.  Merostomata. 
1.  Crustacea, 


2.   Trilohita, 


7.  Chilopoda. 


6.  Diplopoda, 
8.  Symphyla. 


6rt.  Pauropofla. 

I 


4a.  Pantopoda. 

46.  Tardigrada. 


5.  Peripatus, 


Different  Annelida. 

Tnichusphttra. 
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We  will  now  rapidly  review  the  leading  features  of  the  classes  of 
Arthropoda. 

)  The  Crustacea. — These  Arthropoda  are  in  many  most  important 
characteristics  unlike  the  insects;  they  have  two  pairs  of  antennae, 
five  pairs  of  buccal  appendages,  and  they  are  branchiate  Arthropoda. 
They  have  evidently  originated  entirely  independently,  and  by  a 
direct  line  of  descent  from  some  unknown  annelid  ancestor  which 
was  either  a  many -segmented  worm,  with  parapodia,  or  the  two 
groups  together  with  the  Rotifera  may  have  originated  from  a  com- 
mon appendigerous  Trochosphsera.  Their  segments  in  the  higher 
forms  are  definite  in  number  (23  or  24)  and  arranged  into  two 
regions,  a  head-thorax  (cephalothorax)  and  hind-body  (abdomen). 
Kearly  all  the  segments,  both  of  the  cephalothorax  and  abdomen, 
bear  a  pair  of  jointed  limbs,  and  to  them  at  their  base  are,  in  the 
higher  forms,  appended  the  gills  (branchiae).  The  limbs  are  in  the 
more  specialized  forms  (shrimps  and  crabs)  differentiated  into  eye- 
stalks,  two  pairs  of  antennae,  a  pair  of  palpus-bearing  jaws  (mandi- 
bles), two  pair^  of  maxillae  and  three  pairs  of  maxillipeds ;  these 
appendages  being  biramose,  and  the  latter  bearing  gills  attached  to 
their  basal  joints.  The  legs  are  further  differentiated  into  ambula- 
tory thoracic  legs  and  into  swimming  or  abdominal  legs,  and  in  the 
latter  the  first  pair  of  the  male  is  modified  into  copul4tory  organs 
(gonopoda).  The  male  and  female  reproductive  organs  as  a  rule  are 
in  separate  individuals,  hermaphrodites  being  very  unusual,  and 
the  glands  may  l)e  paired  or  single.  The  sexual  outlets  are  gener- 
ally paired,  and,  as  in  the  male  lobster  and  other  Macrura,  open  in 
the  basal  joint  of  the  last  pair  of  legs,  and  in  the  female  in  the 
third  from  the  last;  while  originally  in  all  Crustacea  the  sexual 
organs  were  most  probably  paired  (Fig.  3,  B). 

They  are,  except  a  few  land  Isopoda,  aquatic,  mostly  marine,  and 
when  they  have  a  metamorphosis,  pass  through  a  six-legged  larval 
stage,  called  the  Xauplins,  the  shrimps  and  crabs  passing  through  an 
additional  stage,  the  Zoea.  Crustacea  also  differ  much  from  insects 
in  the  highly  modified  nature  of  the  nephridia,  which  are  usually 
represented  by  the  green  gland  of  the  lobster,  or  the  shell-glands  of 
the  IMiyllopoda,  which  open  out  in  one  of  the  head-segments ;  also  in 
the  possession  of  a  pair  of  large  digestive  glands,  the  so-called  liver. 

Intermediate  in  some  respects  between  the  Crustacea  and  insects, 
but  more  primitive,  in  respect  to  what  are  perhaps  the  most  weighty 
characters,  than  the*  Crustacea,  are  the  Trilobita,  the  Merostomata 
(Limulus),  and,  finally,  the  Arachnida,  these  being  allied  groui)s.  In 
the  TriloV)ita  and  Merostomata  (Limulus),  the  head-appendages  are 
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more  like  feet  than  jaws,  wtiile  they  have  in  most  respects  a  similar 
mode  of  erabiyonic  devel opine nt,  tho  larval  forms  being  also  similar. 
The  UeroBtomata.  —  The  only  living  form,  Limulus,  Is  undoubtedly 
a  very  primitive  type,  as  the  genital  glands  and  ducts  are  double, 
opening  wide  apart  on  the  baaal  pair  of  abdominal  legs  (Fig.  3). 
Moreover,  their  head -appendages,  which  are  single,  with  spines  on 
the  basal  joint,  are  very  primitive  and  morphologically  nearer  in 
shape  to  those  of  the 
worms    (Syllidie,    etc.) 
than  even  those  of  the 
Crustacea.     Besides, 
their  four  pairs  of  cozal 
glands,  with  an  external 
opening  at  the  base  of 
the  fifth  pair  of  head- 
appendages,  and  which 
probably    are    modified 
nephi'idia       (Crustacea 
having  but  a  single  pair 
in  any  one  form,  either 
opening     out    on    the 
second  antenna!,  green 
gland,  or  second  maxil- 
lary,   shell -gland,    seg- 
ment), indicate  a  closer 
approximation     to     the 
jMjlynephrous       worms. 
Limulus  has  other  ar- 
chaic    features,     espe- 
cially   as    regards    the 
structure  of  the  simple 
and  compound  eyes  and 
the  simple  nature  of  the 

^fAUi.  Fio.    l.-KMlomiol.  «r..ncl8r  ,Ul(.nf.trtl„blt«(7Wor. 

The  TrUobiU.  —These  "?;tob^*J>«^S:,'L"?vV«"^X'?.°*  ""■"  "^*'""  "'"""' 
archaic    forms  are  still 

more  generalized  and  primitive  than  the  Merostomata  and  Crus- 
tacea, and  probably  were  the  first  Arthropoda  to  be  evolved  from 
some  unknown  annelid  worm.  They  had  jointed  biramose  limbs  of 
nearly  uniform  shape  and  size  on  each  segment  of  the  body,  which 
were  not,  as  in  Crustacea,  differentiated  into  antennje,  jaws  (man- 
dibles), maxillte,  maxillipeds,  and  two  kinds  of  legs  (thoracic  and 
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abdominal),  showing  that  they  are  a  much  more  primitive  type,  and 
nearer  to  the  annelids  than  any  other  Arthropoda.  Their  gills,  as 
shown  by  the  researches  of  Wal- 
cott  and  of  Beecher,  were  at- 
tached to  nearly  if  not  every 
pail  of  limbs  behind  the  antennee 
(Figs.  1,  2).  The  fact  that  in 
Trilobita  the  first  pair  of  limbs 
I  is  antenniform  does  not  prove 

1_  that  they  are   Crustacea,  since 

Fin.  *.— Rwiortd  nwiioB  of  c»ii-mf n* :    Euryntcrus  has  a  similar   pair 

wllh  Ibr  RillK  OD  Ihe  <'|il|-Dd>l  or  iT»|.iniInty  purt      of  appendjUJCS. 
"fUw  niipi'mlsde. —After  W»lcoII.  ,       i 

The  limbs  in  trilobites,  as  well 
as  the  abdominal  ones  of  merostomes,  and  all  those  of  Crustai'ea, 
except  the  first  antennEe,  are  biramose,  consisting  of  an  outer  (exopo- 
dite)  and  an  inner  division  (endopotlite).  In  this  resiiect  the  ter- 
restrial air-breathing  tracheate  forms,  Araclinida,  Myrio)>oda,  and 
insecta,  differ  from  the  branchiate  forms,  as  their  legs  are  single  or 
undivitled,  l>eing  ada])ted  for  supi>orting  the  body  during  locomotion 
upon  tlie  solid  earth.  It  is  to  l>e  observed  that  when,  as  in  Limnlus, 
the  body  is  supported  by  cephalic  ambulatory  limbs,  they  are  single, 
while  the  abdominal  limbs,  used  as  they  are  in  swimming,  are 
biramose,  much  as  in  Crustacea. 

1  The  Arachnida.  — Tlie  scorpions  and  spiders  are  much  less  closely 
allied  to  the  myriopods  and  insects  than  formerly  supposed.  Their 
embryology  shows  that  they  have  descended  from  forms  related  to 
Limulus,  iK>ssibly  having  had  an  origin  in  common  with  that  animal, 
or  having,  as  some  authors  claim,  directly  diverged  from  some 
primitive  eurypteroid  nierostome.  But  they  dilfer  in  essential 
respects,  and  not  only  in  the  nature  and  grouping  of  their  appeu- 
dagesj  the  first  pair  instead  of  antenniform  being  like  mandibles, 
and  the  second  pair  like  the  maxillae,  with  the  palps,  of  insects,  the 
four  succeeding  segments  (thoracic)  bearing  each  a  pair  of  legs. 
They  also  have  a  brain  quite  unlike  that  of  Limulus,  the  nervous 
cord  behind  the  brain,  however,  being  somewhat  similar,  though 
that  of  Limulus  differs  in  being  enveloped  by  an  arterial  coat. 
Arachnida  respire  by  tracUeie,  besides  book-lungs,  which,  however, 
are  ]Mjssibly  derivatives  of  the  book-gills  of  Limulus,  while  they 
[terform  the  office  of  excretion  by  means  of  the  malpighian  tubes, 
and  like  Limulus  possess  two  large  digestive  glands  ("liver"). 
Their  embryos  have,  on  at  least  six  abtloniinal  segments,  ruiUments 
of  limbs,  three  pairs  of  which  form  the  spinnerets,  showing  tlieir 
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origin  from  Limulus-like  or  eurypteroid  forms ;  their  coxal  glands 
are  retained  from  their  eurypteroid  ancestors.  The  Arachnida  prob- 
ably descended  from  marine  merostomes,  and  not  from  an  indepen- 
dent annelid  ancestry,  hence  we  have  represented  them  in  the  diagram 
on  p.  3  as  branching  off  from  the  merostomatous  phylum,  rather 
than  from  an  independent  one. 

The  characters  in  which  arachnids  approach  insects,  such  as 
tracheae  and  malpighian  tubes  (none  occur,  as  a  rule,  in  marine  or 
branchiate  arthropods),  may  be  comparatively  recent  structures 
acquired  during  a  change  from  a  marine  to  a  terrestrial  life,  and 
not  primitive  heirlooms. 

Arachnida  also  show  their  later  origin  than  merostomes  by  the 
fact  that  their  sexual  glands  are  in  most  cases  single,  and  though 
with  rare  exceptions  the  ducts  are  paired,  these  finally  unite  and 
open  externally  by  a  common  single  genital  aperture  in  the  median 
line  of  the  body,  at  the  base  of  the  abdomen  (Fig.  3,  C,  D),  In  this 
respect  Limulus,  with  its  pair  of  genital  male  or  female  openings, 
situated  each  at  the  end  of  a  papilla,  placed  widely  apart  at  the  base 
of  the  first  abdominal  limbs,  is  decidedly  more  archaic.  Unlike 
Crustacea  and  insects,  Arachnida  do  not,  except  in  the  mites 
(Acarina),  which  is  a  very  much  modified  group,  undergo  a  meta- 
morphosis. 

We  see,  then,  that  the  insects,  with  the  Myriopoda,  are  somewhat 
isolated  from  the  other  Arthropoda.  The  Myriopoda  have  a  single 
pair  of  antennae,  and  as  they  have  other  characters  in  common  with 
insects,  Lang  has  united  the  two  groups  in  a  single  class  Antennata; 
but,  as  we  shall  see,  this  seems  somewhat  premature  and  unnecessary. 
Yet  the  two  groups  have  perhaps  had  a  common  parentage,  and  may 
prove  to  belong  to  a  distinct,  common  phylum. 

Not  only  by  their  structure  and  embryology,  as  well  as  their 
metamorphosis,  do  the  myriopods  and  insects  stand  apart  from  the 
Arachnida  and  other  arthropods,  but  it  seems  probable  that  tliey 
have  had  a  different  ancestry,  the  arthropods  being  apparently 
polyphyletic. 

There  are  two  animals  which  appear  to  connect  the  insects  with 
the  worms,  and  which  indicate  a  separate  line  of  descent  from  the 
worms  independent  of  that  of  the  other  classes.  These  are  the 
singular  Peripatus,  which  serves  as  a  connecting  link  between 
arthropods  and  worms,  and  Scolopendrella  (Symphyla).  *  These 
two  animals  are  guide-posts,  pointing  out,  though  vaguely  to  be 
sure,  the  way  probably  trod  by  the  forms,  now  extinct,  which  led 
up  to  the  insects. 
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Relations  of  Peripatus  to  Insects.  —  We  wfll  first  recount  the  char- 
acteristics of  this  monotypic  class.  Peripatus  (Fig.  4)  stands  alone, 
with  no  forms  intermediate  between  itself  and  the  worms  on  the  one 
hand,  and  the  true  Arthropoda  on  the  other.  Originally  supposed  to 
be  a  worm,  it  is  now  referred  to  a  class  by  itself,  the  Malacopoda  of 
Blainville,  or  Protracheata  of  Haeckel.  It  lives  in  the  tropics,  in 
damp  places  under  decaying  wood.  In  general  appearance  it  some- 
what resembles  a  caterpillar,  but  the  head  is  soft  and  worm-like, 
though  it  bears  a  pair  of  antenna-like  tentacles.  It  may  be  said 
rather  to  superficially  resemble  a  leech  with  clawed  legs,  the  skin 
and  its  wrinkles  being  like  those  of  a  leech.  There  is  a  pair  of 
horny  jaws  in  the  mouth,  but  these  are  more  like  the  pharyngeal 
teeth  of  worms  than  the  jaws  of  ai-thropods.  The  numerous  legs 
end  each  in  a  pair  of  claws.  The  ladder-like  nervous  system  is 
unlike  that  of  annelid  worms  or  arthropods,  but  rather  recalls  that 
of  certain  molluscs  (Chiton,  etc. ),  as  well  as  that  of  certain  flat  and 
nemertine  worms.  Its  annelid  features  are  the  large  number  of 
segmentally  arranged  true  nephridia,  and  the  nature  of  the  integu- 
ment. Its  arthropodan  features,  which  appear  to  take  it  out  of  the 
group  of  worms,  are  the  presence  of  tracheae,  of  true  salivary  and 
slime  glands,  of  a  pair  of  coxal  glands  (Fig.  4,  C,  cd)  as  well  as  the 
claws  at  the  end  of  the  legs.  The  tracheae,  which  are  by  no  means 
the  only  arthropodan  features,  are  evidently  modified  dermal  glands. 
The  heart  is  arthropodan,  being  a  dorsal  tube  lying  in  a  pericardial 
sinus,  with  many  openings.  This  assemblage  of  characters  is  not 
to  be  found  in  any  marine  or  terrestrial  worm. 

The  tracheae  (Fig.  4,  Z>,  tr)  are  unbranched  fine  tubes,  without  a 
"  spiral  thread, "  and  are  arranged  in  tufts,  in  P.  edwardsii  opening 
by  simple  orifices  or  pores  ("stigmata")  scattered  irregularly  over 
the  surface  of  the  body;  but  in  another  species  (P.  capensis)  some 
of  the  stigmata  are  arranged  more  definitely  in  longitudinal  rows, 
—  on  each  side  two,  one  dorsally  and  one  ventrally.  "  The  stigmata 
in  a  longitudinal  row  are,  however,  more  numerous  than  the  pairs 
of  legs."     (Lang.) 

The  salivary  glands,  opening  by  a  short  common  duct  into  the 
under  side  of  the  mouth,  in  the  same  general  position  as  in  insects, 
are  evidently,  as  the  embryology  of  the  animal  proves,  transformed 
nephridia,  and  being  of  the  arthropodan  type  explain  the  origin  and 
morphology  of  those  of  insects.  It  is  so  with  the  slime  glands;  these, 
with  the  coxal  glands,  being  transformed  and  very  large  dermal 
glands.  Those  of  insects  arose  in  the  same  manner,  and  are  evi- 
dently their  homologues,  while  those  of  Peripatus  were  probably 
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originally  derived  from  the  setiparous  glands  in  the  appenda^s 
(parapodia)  of  annelid  worms. 

The  genital  glands  and  ducts  are  paired,  but  it  is  to  be  observed 
that  the  outlets  are  single  and  situated  at  the  end  of  the  body.  In 
the  male  the  ejaculatory  duct  is  single  ;  in  its  base  a  spermatophore 
is  formed.  It  will  be  seen,  then,  that  Feripatus  is  not  only  a  com- 
posite type,  and  a  connecting  link  between  worms  and  tracheate 
arthropods,  but  that  it  may  reasonably  be  regarded,  if  not  itself 
the  ancestor,  as  resembling  the  probable  progenitor  of  myriopods 


Fio.  4,  — lE,  Pfrlpiifiii  nliranl'll.  IwKl  from  Ihc  ul»lrr  fide:  n,  Ibbe  nf  iiiii.niin:  "ii.  "ml 

Sm  Line.  ?-  AnlH*ir  fii<1  i.f  PrH/,.ilii.  rui-rnii-.  vcnlrnl  f'l.lr,  litil  iippn  ;  ,i.  nnlpnni ;  c,  l"npiB ; 
t.  Jaw;  ttl,  naKvirv  irlud:  0a.  UBlim  ol  thr  two  uH vary  Klundn:  />A.  jiharynx  ;  tr,  ttfiyiitfinr,;  I. 
Up  |w|ill1iv  urnnnil  thf  ninnlli:  i<p.  onl  '>r  rHnir  [laijUlii  M.  iluot  or  mwrvulraf  ibr  nlfiiiti  Klanl. 
—  Aftn  Kilfuiir.  n^mi  Lintr. 

and  insects,  though  of  course  there  is  a  very  wide  gap  between 
Peripatus  and  the  other  antennate,  air-breathing  Arthropoda. 

Relation  of  Myriopods  to  Insects.  —  The  ^fyrtopoda  are  the  nearest 
allies  of  the  insects.  They  have  a  distinct  head,  with  one  pair  of 
antenna.  The  eyes  are  simple,  with  the  exception  of  a  single  genus 
(Cerinatia),  in  which  they  are  aggregated  or  compoiind.  The  trunk 
or  body  behind  the  head  is,  as  a  rule,  long  and  slender,  and  com- 
posed of  a  large  but  variable  imniber  of  segments,  of  equal  size  and 
3ha))e,  bearing  jointed  legs,  which  invariably  end  in  a  single  claw. 

The  mouth-parts  of  the  myriopods  are  so  different  in  shape  and 
general  function  from  those  of  insects,  that  this  character,  together 
with  the  equally  segmented  nature  of  the  portion  of  the  l>ody  behind 
the  head  (the  trunk),  forbids  our  merging  them,  as  some  have  been 
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inclined  to  do,  with  the  insects.  There  are  two  swb-classes  of 
myriopods,  differing  in  such  important  respects  that  by  Pocock '  and 
by  Kingsley  they  are  regarded  aa  independent  classes,  each  equiva- 
lent to  the  insects. 

Of  these  the  most  primitive  are  the  Diplopoda  (Chilognatha), 
represented  by  the  galley-worms  (Julus,  etc.). 

In  the  typical  Diplopoda  the  head  consists  of 
three  segments,  a  preoral  or  antennal,  and  two  post, 
oral,  there  being  two  pairs  of  jaw-like  appendages, 
which,  though  in  a  broad  morphological  sense  homo- 
logues  of  the  mandibles  and  first  maxilla  of  insects, 
are  qnite  unlike  them  in  details. 

As    we    have    previously   stated,'  the    so-called 
'"mandibles"   of    diplopods   ai-e   entirely  different 
from  those  of   insects,  since  they  appear  to  be  2- 
Fio  6  -Msn-ii    or  3-jointed,  the  terminal  joint  being  2-lobed,  thus 
Sta-"'mii'p''i^n.  resembling  the  maxillis  rather  than  the  mandibles 
??*';!"'■•■"];  ■lijini  of  insects,   which  consist  of  but  a  single  piece  or 
iri"ri;'.rf.'.upe.^;  .  jjjj^  probably  the  homologue  of  the  galea  or  molar 
-Aft^Lr.»T.      *  j^,int  of  the  diplopod  protomala.     The  mandible  of 
the    Jnlidse    (Fig.     5,     J^l^ 
molybdinm),       Lysioi>etalidt8, 
and   PolydesmidiB  consists  of 
three  joints;  viz.  a  basal  piece 
or  cardo,  a  stipes,  and  tlie  mala 
mandibularis,    which    supports 
two    lobes    analogous    to   the 
galea  and  lacinia  of  the  maxilla 
of  an  insect.      There  is  an  ap- 
proach, as  we  shall  see,  in  the 

mandible  of  Oopris,  to  that  of       ^^^  ^  ^  ^^^^^  ^^^  ^  .!„u„o,.i.  «r  .*w.y,» 
the  Julida;,  but  in  insects  in   mi.j£'^»W|f;|^^V';;j?7r.»r-."'«i;S^:'"'Hh 'I'e 
general  the  lacinia  is  wanting,    lniie"iV'*"'^^;,,i7'/^'„;;.„'";\,h"iit''TnJ^^^^^^ 
and  the  jaw  consists  of  but  a  l'"n'fhELhWMhy;«LihVn'<'>'V"n,  i!«<hi-iiiii» 

" "rte  Automate  (s„aa»chikri„m),  o,  second  pair  of  OiP'"!";  ^7; 
are  analogous  to  the  labium  o,  secon.l  ma«lto  «'•»"'••»"  3,^ 
flattened  plate-like  under-lip,  constituting  the  floor  ot  the  mmtl, 
aTg"  '  Tlris  pair  of  appendages  »-^-  frth"  stu  y,  .spec-l  Y 
in  the  late  embryo,  before  it  can  be  fully  understood.     So  far 

1  Zi«)l.  AnieiKer,  xvi,  IBM,  pp.  27I-.'>.  .ggj  ia7-309. 

"  Ou  the  morphulogy  of  the  Myriopods,  Proc.  Araer.  Phil.  ^-  i»^.  l-l 


RELATWXS  OF  INSECTS    TO   OTHER  AliTIinOPODA      13 

known,  judging  by  lletsclmikoff's  work  on  the  embryology  of  the 
tliplojKxIs,  these  myriojKHls  seem  to  have  in  the  embryo  but  two 
pairs  of  post-ante niial  mouth-parts,   which  he  designated  as  the 
"mandibles"  and   "labium."     Meinert, 
however,    regards   as    a  third    pair    of 
mouth-parts  or  "labium"   what    in    our 
Fig.  7  is  called  the  internal  stipes  (slip. 
1.),  behind  which  is  a  triangular  plate, 
lamina   lahinlis  (lam.  lab),  which  he  re- 
gards as  the  stemite  of  the  same  seg- 
ment. Fio.  T.  —  Deutnmiliorjulu),  tb« 

The     hypopharynx,     our    "labiella," 
(Fig.  C),  with  the  supporting  rods  or  stili  Unguales  (sti.  I),  of  Mein- 
ert, are  of  nearly  the  same  shape  as 
in  some  insects. 

Of  the  clypeus  of  insects  there 
is    apparently    no    houiologue    in 
myriopods,  though  in  certain  dip- 
lopods   there   is   an    interantennal 
elypeal   region.      The    labium    of 
insects  is  represented  by  a  short, 
broad  piece,  which,  however,  unlike 
that  of  insects,  is  immovable,  and 
is  flanked  by  a  separate  piece  called 
the  epilabrum  (Fig.  8).     Vom  Hath 
'.  has  observed  an  epipharynx,  which 
iV^'iha'tatauiirind  ^liliibruu"'' ""''"  *■*'■'■   has  the  same  general  relations  as  in 
insects. 
The  embryology  of  iuyrio[>ods  is  in  many  re- 
spects like  that  of  insects.    The  larva  of  diplopods 
hatches  with   but   few  segments,  and   with  but 
three  pairs  of  limbs ;  but  these  are  not,  as  in 
insects,  apjjended  to  consecutive  segments,  but  in 
one  species  the  third,  and  in  another,  Julua  midti- 
atriatuaf  (Fig-  10),  the  second,  segment  from  the 
head  is  footless,  while  Vom  Rath  represents  the 
first  segment  of  an  Eurojiean  Blaniulus  as  footless, 
the  feet  being  situated  consecutively  on  segments        Fio.  ».  — Lirvi  uf 
2  to  4.     The  new  segments  arise  at  "  the  growing    dominii  H«ment.  uun 
point "  situated  between  the  last  and  penultimate   iiin»"o«i;"i.°»^  <!^. 
segment,  growing  out  in  groups  of  sixes  (Newport)    the'i^nuhi'innte  »nd the 
OT  ia  OUT  JtduamiUtistriat<t8 9  in  fives  (Fig.  10).     In    sel-p^f'"""' ~  ^"^ 
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adult  life  diplopods  (Julus)  have  a  single  pair  of  limbs  on  the  three 
iirst  segments,  or  those  corresponding  to  the  thoracic  segments  of 

insects,  the  succeeding  segments 
having  two  pairs  to  each  seg- 
ment. 

Sinclair  (Heathcote)  regards  each 
double  segment  in  the  diplopods  as  not 
two  original  segments  fused  together, 
nor  a  single  segment  bearing  two  pairs 
of  legs,  but  as  *^  two  complete  segments 
perfect  in  all  particulars,  but  united  by 
a  large  dorsal  plate  which  was  origi- 
nally two  plates  which  have  been  fused 
together/'  (Myriopods,  1895,  p.  71.) 
That  the  segments  were  primitively 
separate  is  shown,  he  adds,  by  the 
double  nature  of  the  circulatory  sys- 
tem, the  nerve  cord,  and  the  first  traces 
of  segmentation  in  the  mesoblast. 
Kenyon  believes  that  from  the  con- 
ditions in  pauropods,  Lithobius,  etc., 
there  are  indications  of  alternate  plates 
(not  segments)  having  disappeared, 
and  of  the  remaining  plates  overgrow- 
ing the  segments  behind  them,  so  as 
to  give  rise  to  the  anomalous  double 
segments.^ 

Fio.  10. —  Freshly  hatched    larva    of  Juitm  l\\^^^r^^^^Ac.    ^ «i 'j    j 

mii«i>/Wa<MAf  8  mm.  lonjr:    a,  6  pairs  of  rudl-  UiplOpOdS    are    alSO    prOVldcd 

menlary  legs,  one  pair  to  a  segment.  ^-^.j^     evcrsiblc     COXal     SaCS,     in 

position  like  those  of  Symphyla  and  Synaptera;  Meinert,  Latzel, 
and  also  Haase  having  detected  them  in  several  species  of  Chor- 
deumidae,  Lysiopetalidse,  and  Polyzonidae 
(Fig.  11).  In  LyaiopetaluM  anceps  these 
blood-gills  occur  in  both  sexes  between  the 
coxae  of  the  third  to  sixteenth  pair  of  limbs. 
In  the  Diplopods  the  blood-gills  appear  to 
be  more  or  less  permanently  everted,  while 

CI      1  J      n     a.i_  n  i.        i.    a  Fio.  11.  — Sixth  pair  oflegi* of 

in  Scolopendrella  they  are  usually  retracted   pohjtonium  (/ermanicum,  9  : 

•it  •      ^L      1      J       i-T-i'        -I  «-         \  <^*.  ventral  noes;   for,  coxa;  *rf, 

Wlthm  the  body  (Jb  Ig.   lo,  <^).  sternal    plate;     */^    splrade. - 

Diplopods  also  differ  externally  from  in-   '    ^'^   *****' 
sects  in  the  genital  armature,   a  complicated  apparatus  of  male 
claspers  and  hooks  apparently  arising  from  the  sternum  of  the  sixth 
segment  and  being  the  modified  seventh  pair  of  legs.    In  myriopods 

1  Morphology  and  classification  of  the  Pauropoda ;  also  American  Naturalist,  1H97. 
p.  410, 
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there  are  no  pleural  pieces  or  *'  pleurites,"  so  characteristic  of  winged 
insects. 

Perhaps  the  most  fundamental  difference  between  diplopods  and 
insects  is  the  fact  that  the  paired  genital  openings  of  the  former  are 
situated  not  far  behind  the  head  between  the  second  and  third  pair 
of  legs.  Both  the  oviducts  and  male  ejaculatory  ducts  are  paired, 
with  separate  openings.  The  genital  glands  lie  beneath,  while  in 
chilopods  they  lie  above  the  intestine;  this,  asKorschelt  and  Heider 
state,  being  a  more  primitive  relation,  since  in  Peripatus  they  also 
lie  above  the  digestive  canal. 

The  nervous  system  of  diplopods  is  not  only  remarkable  for  the 
lack  of  the  tendency  towards  a  fusion  of  the  ganglia  observable  in 
insects,  but  for  the  fact  that  the  double  segments  are  each  provided 
with  two  ganglia.  The  brain  also  is  very  small  in  proportion  to 
the  ventral  cord,  the  nervous  system  being  in  its  general  appearance 
somewhat  as  in  caterpillars. 

The  arrangement  of  the  tracheae  and  stigmata  is  much  as  in  insects, 
but  in  the  Diplopoda  the  tracheary  system  is  more  primitive  than  in 
chilopods,  a  pair  of  stigmata  and  a  pair  of  tracheal  bundles  occurring 
in  each  segment,  while  the  bundles  are  not  connected  by  anastomos- 
ing branches,  branched  tracheae  only  occurring  in  the  Glomeridse. 
The  tracheae  themselves  are  without  spiral  threads  (taenidia).  It 
is  noteworthy  that  the  tracheae  arise  much  later  than  in  insects,  not 
appearing  until  the  animal  is  hatched;  in  this  respect  the  myriopods 
approximate  Peripatus. 

In  the  Chilopoda  also  the  parts  of  the  head,  except  the  epicranium, 
are  not  homologous  with  those  of  insects,  neither  are  the  mouth - 
parts,  of  which  there  are  five  pairs. 

The  structure  of  the  head  of  centipedes  is  shown  in  part  in  Fig. 
12,  compare  also  Fig.  8.  It  will  be  seen  that  it  differs  much  from 
that  of  the  diplopods,  though  the  mandibles  (protomalae)  are  homolo- 
gous; they  are  divided  into  a  cardo  and  stipes,  thus  being  at  least 
two- jointed. 

The  second  pair  of  postoral  appendages  is  in  centipedes  very  differ- 
ent from  the  gnathochilarium  of  diplopods.  As  seen  in  Fig.  12  2, 
they  are  separate,  cylindrical,  fleshy,  five-jointed  appendages,  the 
maxillary  appendages  of  Newport,  which  are  "connected  trans- 
versely at  their  base  with  a  pair  of  soft  appendages  "  (c),  the  lingua 
of  Newport.  The  third  and  fourth  pair  are  foot- jaws,  and  we  have 
called  them  malipedeSy  as  .they  have  of  course  no  homology  with  the 
maxillipedes  of  Crustacea.  The  second  pair  of  these  malipedes, 
forming  the  last  pair  of  mouth-appendages,  is  the  poison-fangs  (4), 
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wliich  are  intermediate  between  the  malipedes  and  the  feet;  Meinert 
does  not  allow  that  these  are  mouth-appendages. 

The  embryology  of  Geophilus  by  MetschnikofE  shows  plainly  the 
four  pairs  of  post-antennal  appendages.  The  embryo  Geophilus  is 
hatched  in  the  form  of  the  adult,  having,  unlike  the  diplopods,  no 
metamorphosis,  its  embryological  history  being  condensed  or  abbre- 
viated. But  in  examining  Metschnikoff's  figures  certain  primitive 
diplopod  features  are  revealed.  The  body  of  the  embryo  shortly 
before  hatching  is  cylindrical;  the  sternal  region  is  much  narrower 
than  in  the  adult,  hence  the  insertions  of  the  feet  are  nearer  together, 
wliile  the  first  six  pairs  of  appendages  begin  to  grow  out  before  tlie 


FiQ.  12.  — Structure  of  a  chllopod.  A^  Lithobiwi  americanua,,  natural  size.  B^  under  side  of 
head  and  tirst  two  body-Hefrments  and  lee's,  enlan^ed  :  ant^  antenna :  1,  jaws ;  2,  first  aocensor}'  jaw ; 
c,  linfrua ;  8,  necoiid  accessory  Jaw  and  palpus ;  4,  pol»on-Jaw.  (KinfrBley  del.)  C,  side  view  of 
bead  (after  Newport) :  «/>,  epicranium  ;  /,  fW)ntal  plato ;  «n;,  i»eut« ;  1,  first  leg  ;  itp,  spiracle. 


hinder  ones.  Thus  the  first  six  pairs  of  appendages  of  the  embryo 
Geophilus  correspond  to  the  antennae,  two  pairs  of  jaws,  and  three 
pairs  of  legs  of  the  larval  Julus.  These  features  appear  to  indicate 
that  the  chilopods  may  be  an  offshoot  from  the  diplopod  stem.  The 
acquisition  of  a  second  pair  of  legs  to  a  segment  in  diplopods,  as  in 
the  phyllopod  Crustacea,  is  clearly  enough  a  secondary  character, 
as  shown  by  the  figures  of  Newport  in  his  memoir  on  the  develop- 
ment of  the  Myriopoda  (PI.  IV.).  Thus  the  tendency  in  the 
Myriopoda,  both  diplopods  and  chilopods,  is  towards  the  multipli- 
cation of  segments  and  the  elongation  of  the  body,  while  in  insects 
the    polypodous   embryo  has  tlie  three  terminal  segments  of  the 
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abdomen  well  formed,  these  being,  however,  before  hatching,  partly 
atrophied,  so  that  the  body  of  insects  after  birth  tends  to  become 
shortened  or  condensed.  This  indicates  the  descent  of  insects  from 
ancestors  with  elongated  polypodous  hind-bodies  like  Scolopendrella. 
Korschelt  and  Heider  suggest  that  the  stem-form  of  myriopods  was 
a  homonomously  jointed  form  like  Peripatus,  consisting  of  a  rather 
large  number  of  segments,  but  we  might,  with  Haase,  consider  that 
the  great  number  of  segments  which  we  now  find  indicates  a  late 
acquisition  of  this  form. 

The  genital  opening  in  chilopods  is  single,  and  situated  in  the 
penultimate  segment  of  the  body,  as  in  insects.  While  recognizing 
the  close  relationship  of  the  Myriopoda  with  the  insects,  it  still 
seems  advisable  not  to  unite  them  into  a  single  group  (as  Oudemans, 
Lang,  and  others  would  do),  but  to  regard  them  as  forming  an 
equivalent  class.  On  the  other  hand,  when  we  take  into  account 
the  form  and  structure  of  the  head,  antennae,  and  especially  the 
shape  of  the  first  pair  of  mouth-appendages,  bein^  at  least  two- 
jointed  in  both  groups,  we  think  these  characters,  with  the  homon- 
omously segmented  body  behind  the  head,  outweigh  the  difference 
in  the  position  of  the  genital  outlet,  important  as  that  may  seem. 
It  should  also  be  taken  into  account  that  while  insects  are  derived 
from  polypodous  ancestors,  no  one  supposes,  with  the  exception  of 
one  or  two  authors,  that  these  ancestors  are  the  Myriopoda,  the  latter 
having  evidently  descended  from  a  six-legged  ancestor,  quite  differ- 
ent from  that  of  the  Campodea  ancestor  of  insects.* 

In  regard  to  the  sexual  openings  of  worms,  though  their  position 
is  in  general  in  the  anterior  part  of  the  body,  it  is  still  very  variable, 
though,  in  general,  paired.  In  the  oligochete  worms  the  genital  zone, 
with  the  external  openings,  is  formed  by  the  segments  lying  be- 
tween the  9th  and  14th  rings,  though  in  some  the  genital  organs  are 
situated  still  nearer  the  head.  The  myriopods,  which  evolved  from 
the  worms  earlier  than  insects,  appear  to  have  in  their  most  primi- 
tive forms  (the  Diplopoda)  retained  this  vermian  position  of  the 
genital  outlets.  In  the  later  forms,  the  chilopods,  the  genital  open- 
ings have  been  carried  back  to  near  the  end  of  the  body,  as  in 
insects.  From  observations  made  by  three  different  observers  on 
the  freshly  hatched  larva  of  the  Julidse,  it  appears  that  the  an- 
cestral diplopods  were  six-footed,  or  oligopod,  the  larva  of  Pauropus 

1  The  term  which  we  proposed  for  this  hypothetical  ancestor  of  insects,  "  Leptus- 
like  "  or  "  Leptiform,"  was  an  unfortunate  one,  since  the  name  Leptuswas  originally 
^ven  to  the  six-legged  larva  of  a  mite  (Trombidium),  the  origin  of  the  mites  and 
other  Arachnida  being  entirely  different  from  that  of  the  myriopods  and  insects. 
c 
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(Fig,  13)  Hpproacbing  nearest  to  our  idea  of  the  ancestral  myriopod, 
whioh  might  provisionally  be  named  Protopauropus. 

KeUtioas  of  the  SymphyU  to  Insects.  —  Opinions  respecting  the 
position  of  the  Symphyla,  represented  by  Scolopendrella  (Fig.  14), 
are  very  discordant.  By  most  writers  since  Newport,  Scolopen- 
drella has  been  placed  among  the  myrio- 
pods.  The  first  author,  however,  to  examine 
its  internal  anatomy  was  Menge  (1851),  who 
discovered  among  other  structures  (tracheae, 


Pin.  \*.  —  Pavmpia  htHHty^,  mnph  mlinnd.  . 
p><TDririre((irlElnil>.  £.}ouiig.  — AftrrLiibbDck.  C. 
a,  bi«tn ;  ft,  Milnrv  itlinil ;  t,  mlrt-lnli-illiip ;  i/.  n-pli 


tIpv  vt  liflid.  ■ 


etc.)  the  silk-glands  situated  in  the  last  two  segments,  and  which 
open  at  the  end  of  each  cercus.  He  regarded  the  form  as  "the 
type  of  a  geinis  or  family  Intermediate  between  the  hexajMxl 
Lepismidse  and  the  Scolo(jendridie." 

In  1R7.'?' tlie  writer  referred  to  this  form  as  follows:    "It  may 

be  regarded  as  a  connecting  link  between  the  Tliysauura  and  Myrio- 

>  Proc.  Bo«t.  8«c.  Sat.  Hist.,  iri,  1873,  p.  3. 
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poda,  and  shows  the  intimate  relation  of  the 
myriopods  and  the  hexapods,  perhaps  not  suffi- 
ciently appreciated  by  many  zoologists." 

In  1880  Ryder  regarded  it  aa  "  the  last  survival 
of  the  form  from  which  insects  may  be  supposed  to 
have  descended,"  and  referred  it  to  "the  new  ordi- 
nal group  Symphyla,  in  reference  to  the  singular 
combination  of  myriopodous,  insectean,  and  thy- 
sanurous  characters  which  it 
presents.'" 

Wood-Mason  considered  it 
to  be  a  myriopod,  and  "the   i 
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descendant  of  a  group  of  myriopods  from  which  the  Gampodeaj, 
Thysanura,  and  CoUembola  may  have  sprung."  We  are  indel)ted 
to  Grassi  for  the  first  extended  work  on  the  morphology  of  Scolo- 
pendrella  (1885).  In  1886  he  added  to  our  knowledge  facts 
regarding  the  internal  anatomy,  and  gives  a  detailed  comparison 
with  the  Thysaoura,  beaides  pointing  out  the  resemblances  of  Scolo- 
pendrella  to  Fauropus,  diplopods,  chilopods,  as  well  as  Peripatus. 

In  1888  Grassi  expressed  his  view  as  to  the  position  of  the 
Symphyla,  stating  that  it  should  not  be  included  in  the  Thysanura, 
since  it  evidently  has  myriopod  characters;  these  beiug  the  supra- 
spinal vessel,  the  ventral  position  of  the  genital  glands;  the  situa- 
tion of  the  genital  opening  in  the  fourth  segment  of  the  trunk,  its 
ganglionic  chain  being  like  that  of  diplopods,  its  having  limbs  on 
all  the  segments,  etc.  On  the  other  hand,  Grassi  has  with  much 
detail  indicated  the  points  of  resemblance  to  the  Thysanura.  The 
principal  ones  are  the  thin  integument^  the  want  of  sympathetic 


ganglia,  the  presence  of  a  pair  of  cephalic  stigmata,  like  that  said 
to  occur  in  certain  CoUembola,  and  in  the  embryo  of  Apis;  two 
endoskeletal  processes  situated  near  the  ventral  fascia  of  the  bead ; 
the  epicranial  suture  also  occurring  in  Thysanura,  Collenilmla, 
Ortlioptera,  and  other  winged  insects,  and  being  absent  in  diplopods 
and  cliilopods.  He  also  adds  that  the  digestive  canal  both  in 
Symphyla  and  Thysanura  is  divided  into  three  portions;  the  inal- 
pighian  tubes  in  Thysanura  present  very  different  conditions  (there 
Iwiing  none  in  Japyx),  among  which  may  be  comprised  those  of 
Scolopendrelia.  In  both  gronjo  there  is  a  single  pair  of  salivary 
glands.  The  cellular  epithelium  of  tlie  mid-intestine  of  Scolopen- 
drelia is  of  a  single  form  as  in  Cam]>odea  and  Japyx.  The  fat- 
bofly,  dorsal  vessel,  with  its  valves  and  ostia,  are  alike  in  the  two 
groups,  as  are  the  appendages  of  the  end  of  the  abdomen,  the  anal 
c^rci  (cercopoda)  of  Scolopendrelia  being  the    homologues  of  the 
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maltiarticulate  appendages  of  Lepisma,  etc.,  and  of  the  forceps  of 
Japyx.  In  those  of  Scolopendrella,  we  have  found  the  large  duct 
leading  from  the  voluminous  silk-gland,  a  single  large  sac  extend- 
ing forwards  into  the  third  segment  from  the  end  of  the  body  (Fig. 
15,  8.  gl).  Other  points  of  resemblance,  all  of  which  he  enumerates, 
are  the  slight  differences  in  the  number  of  trunk-segments,  the  pres- 
ence in  the  two  groups  of  the  abdominal  ''false-legs"  (parapodia), 
the  dorsal  plate,  and  the  mouth-parts.  As  regards  the  latter.  Grass! 
affirms  that  there  is  a  perfect  parallelism  between  those  of  Scolopen- 
drella  and  Thysanura.  To  this  point  we  will  return  again  in  treat- 
ing more  especially  of  those  of  the  Symphyla.  Finally,  Grassi 
concludes  that  there  is  '*  a  great  resemblance  between  the  Thysanura 
and  Scolopendrella,"  He,  however,  believed  that  the  Symphyla 
are  the  forerunners  of  the  myriopods,  and  not  of  the  insects,  his 
genealogical  tree  representing  the  symphylan  and  thysanuran  phyla 
as  originating  from  the  same  point,  this  point  also  being,  rather 
strangely,  the  point  of  origin  of  the  arachnidan  phylum. 

Haase  (1889)  regarded  Scolopendrella  as  a  myriopod,  and  Pocock 
(1893)  assigned  the  Symphyla  to  an  independent  class,  regarding 
Scolopendrella  as  ''the  living  form  that  comes  nearest  to  the 
hypothetical  ancestor  of  the  two  great  divisions  of  tracheates. 
Schmidt's  work  (1895)  on  the  morphology  of  this  genus  is  more 
extended  and  richly  illustrated  than  Grassi's,  his  method  of  research 
being  more  modern.  He  also  regards  this  form  as  one  of  the  lower 
myriopods. 

In  conclusion,  it  appears  to  us  that,  on  the  whole,  if  we  throw  out 
the  single  characteristic  of  the  anteriorly  situated  genital  opening, 
the  ovarian  tubes  being  directed  toward  the  end  of  the  body  (Fig.  15, 
ovd,  ov)y  there  is  not  sufficient  reason  for  placing  the  Symphyla 
among  the  Myriopoda,  either  below  or  near  the  diplopods.  This 
is  the  only  valid  reason  for  not  regarding  Scolopendrella  as  the 
representative  of  a  group  from  which  the  insects  have  descended, 
and  which  partly  fills  the  wide  abyss  between  Peripatus  and  insects. 
With  the  view  of  Pocock,  that  both  insects  and  myriopods  have 
descended  from  Scolopendrella,  we  do  not  agree,  because  this  form 
has  so  many  insectean  features,  and  a  single  unpaired  genital  open- 
ing. For  the  same  reason  we  should  not  agree  with  Schmidt  in 
interpolating  the  Symphyla  between  the  Pauropoda  and  Diplopoda. 
In  these  last  two  progoneate  groups  the  genital  openings  are  paired, 
hence  they  are  much  more  primitive  types  than  Scolopendrella,  in 
which  there  is  but  a  single  opening.  It  seems  most  probable  that 
the  Symphyla,  though  progoneate,  are  more  recent  forms  than  the 
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progoneate  myriopods,  which  have  retained  the  primitive  feature  of 
double  sexual  outlets.  It  is  more  probable  that  the  Symphyla  were 
the  descendants  of  these  polypodous  forms.  Certainly  Scolopen- 
drella  is  the  only  extant  arthropod  which,  with  the  sole  exception 
of  the  anteriorly  situated  genital  opening,  fulfils  the  conditions 
required  of  an  ancestor  of  Thysanura,  and  through  them  of  the 
winged  insects.  No  one  has  been  so  bold  as  to  suggest  the  deriva- 
tion of  insects  from  either  diplopods  or  chilopods,  while  their  origin 
from  a  form  similar  to  Scolopendrella  seems  not  improbable.  Yet 
Uzel  has  very  recently  discovered  that  Campodea  develops  in  some 
respects  like  Greophilus,  the  primitive  band  sinking  in  its  middle  into 
the  yolk,  with  other  features  as  in  chilopods.^  The  retention  of  a 
double  sexual  opening  in  the  diplopods  is  paralleled  by  the  case  of 
Limulus  with  its  double  or  paired  sexual  outlets,  opening  in  a  pair 
of  papillae,  as  compared  with  what  are  regarded  as  the  general- 
ized or  more  primitive  Crustacea,  which  have  an  unpaired  sexual 
opening. 

The  following  summary  of  the  structural  features  of  the  Sym- 
phyla, as  represented  by  Scolopendrella,  is  based  mainly  on  the 
works  of  Grassi,  Haase,  and  Schmidt,  with  observations  of  my  own. 

Diagnostic  or  essential  characters  of  Symphyla.  —  Head  shaped  as 
in  Thysanura  {Cinura),  tvith  the  Y-shaped  tergal  suture,  which  occurs 
commonly  in  insects  (Thysanuray  Collemhola,  Dermaptera,  Orthoptera, 
Platyptera,  Neuroptera,  etc.),  but  is  wanting  in  Myriopoda  {Diplopoda 
and  Chilopoda)  ;  antennae^  ujdike  those  of  Myriopoda  in  being  very  long, 
slender,  and  monilifomi.  Clypeus  distinct,  Labmm  emarginate,  icith 
six  converging  teeth.  Mandibles  2-jointed,  consisting  of  a  vestigial 
stipes  and  distal  or  molar  joint,  the  latter  ivith  eight  teeth.  First  max- 
nice  with  an  outer  and  inner  mala  situated  on  a  tcell-developed  stij^es; 
with  a  minute,  1-jointed  palpus.  Second  jxiir  of  maxillce:  each  form- 
ing  two  oblong  flat  pieces,  median  sutures  distinct,  icith  no  jmlpi;  these 
pieces  are  toothed  in  front,  and  appear  to  be  Jiomologous  with  the  two 

1  Zoologische  Anzeif2:er,  Bd.  xx,  1897,  pp.  125  and  129.  He  also  states  that  Cam- 
podea resembles  the  myriopods,  especially  Geopbilus,  in  the  primitive  band  at  tirst 
lying  on  the  surface  of  the  yolk,  and  in  the  absence  of  an  amniotic  cavity ;  also  before 
hatching  the  abdomen  is  pressed  against  the  thorax,  as  in  niyrioix>ds. 

2  "  Scolopendrella  has  very  remarkable  antenna* ;  they  may  be  compared  each  to 
a  series  of  glass  cups  strung  upon  a  delicate  hyaline  and  extensible  roil  of  uniform 
thickness  throughout:  so  that,  like  the  body  of  the  creature,  they  shrink  enormously 
when  the  animal  is  irritated  or  thrown  into  alcohol,  and  they  then  possess  scarcely 
two-thirds  the  length  they  have  in  the  fully  extended  condition,  their  cup-like  joints 
being  drawn  close  together,  one  within  the  other.  Peripatus,  .Japyx,  many  (if  not 
all)  Homoptera,  and  the  S.  Asiatic  relatives  of  our  common  Glomeris  have  all  more 
or  less  extensible  antenna;.'*  (Wood-Mason,  Trans.  Eut.  Soc.,  London,  1879, 
p.  155.) 


RELATIONS   OF  INSECTS   TO   OTHER  ARTHROPODA      23 

median  pieces  of  the  gnathochilarium  of  Diplopodxi.  Hypopluirynxf 
Epipha^'ynxf 

Tntnk  vMh  from  fifteen  to  sixteen  dorsal^  more  or  less  free  subequcU 
scutes,  the  first  tlie  smallest.  Pedigerous  segments  twelve;  also  twelve 
pairs  ofS'jointed  legs,  which  are  of  nearly  equal  length,  the  first  pair  4-j 
the  others  S-jointed,  cdl  ending  in  two  daws,  as  in  Synaptera  and  winged 
insects,  A  pair  of  l-jointed  anal  cerci  homologous  with  those  of  Thy- 
sanura  and  Orthoptera,  into  each  of  which  opens  a  large  abdominal 
silk-gland.  Abdominal  segments  tvith  movable  styles  or  ^^  pseudoftods^^ 
(**  Parapodia  "  of  Latzel  and  of  Schmidt),  like  those  of  Campodea  and 
MacJiilis,  and  situated  on  the  base  of  tJie  coxal  joint  in  front  of  the  ven- 
tral sac.  Withiti  the  body  near  the  base  of  each  abdominal  style  is  an 
eversible  coxal  sax:  or  blood-gill  (Fig.  16,  eg).  The  single  genital  opening 
is  on  the  fourth  trunk-segment  in  both  sexes  (Fig.  16,  indicated  by  the 
arrow).  Hie  malpighian  tubes  (ur,  t)  are  two  in  number,  opening  into 
the  digestive  canal  at  the  anterior  end  of  the  hind  intestine;  they  extend 
in  front  to  the  third  or  second  segment  from  the  head.  TJiey  are  broad 
and  straight  at  their  origin,  becoming  towards  the  end  very  slender  and 
convoluted. 

TJie  three  divisions  of  the  digestive  track  are  as  in  insects,  the  epithe- 
lium of  the  mid-gut  being  histologically  as  in  Campodea  and  Japyx; 
rectal  glands  are  present.  A  j^air  of  very  large  salivaiy  glands  are 
situated  in  the  first  to  the  fourth  trunk-segments,  consisting  of  a  glandu- 
lar portion  tvitJi  its  duct,  which  unite  into  a  common  duct  opening  on 
the  under  side  of  the  head,  probably  in  the  labium. 

But  a  single  pair  of  stigmata  is  present,  and  these  are  situated  in  the 
front  of  the  head,  beneath  the  insertion  of  the  antennce  and  within  the 
stipes  of  the  mandibles;  the  trachece  are  very  fine,  without  spiral  threads 
(tceyiidia),  and  mostly  contained  within  the  head,  two  fine  branches 
extending  on  each  side  into  the  second  trunk-segment. 

After  birth  the  body  increases  in  length  by  the  addition  of  new  seg- 
ments at  the  growing  point. 

In  respect  to  the  nervous  system,  there  are  no  diagnostic  charac- 
ters; there  are,  however,  not  as  many  as  two  pairs  of  ganglia  to  a 
segment.  The  brain  is  well  developed,  sending  a  pair  of  slender 
nerves  to  the  small  eyes.  The  ganglia  of  the  segment  bearing  the 
first  pair  of  legs  is  fused  with  the  suboesophageal  ganglion.  Grassi 
was  unable  to  detect  a  true  sympathetic  system,  but  he  suspects  the 
existence  of  a  very  small  frontal  ganglion. 

The  slender  dorsal  vessel,  provided  with  ostia  and  valvules,  pul- 
sates along  the  entire  length  of  the  trunk;  an  aorta  passes  into  the 
head. 
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The  internal  genital  organs  of  both  sexes  are  paired,  and  extend 
along  the  greater  part  of  the  trunk;  in  either  sex  they  may  be  com- 
pared  to  two  long,  slender,  straight  cords  extending  from  the  fourth 
to  the  tenth  pair  of  legs.  The  two  oviducts  do  not  unite  before 
reaching  the  sexual  opening  (Fig.  15,  ovd). 

The  male  sexual  organs  are  more  complicated  than  the  feminine. 
The  paired  testicular  tubes  lie  in  trunk-segments  6  to  12,  on  each 
side,  and  partly  under  the  intestinal  canal,  communicating  with 
each  other  by  a  cross-anastomosis  situated  under  the  intestine,  and 
which,  like  the  testes,  is  filled  with  sperm.  Of  the  paired  seminal 
ducts  (vas  deferens)  in  trunk-segment  4,  each  unites  again  into 
a  thick  tube,  sending  a  blind  tube  forward  into  the  third  segment. 
Under  the  place  of  union  of  the  two  vasa  deferentia  arise  the  paired 
ductus  ejaculatorii,  which  open  beneath  in  the  uterus  masculinus. 
The  anterior  blind  ends  of  the  vasa  deferentia  form  a  sort  of  small 
paired  vesiculsB  seminales  in  which  a  great  quantity  of  ripe  sperm 
is  stored.  The  uterus  masculinus  is  in  its  structure  homologous 
with  the  evaginable  penis  of  Pauropus,  Polyxenus,  and  some  diplo- 
pods,  and  the  sexual  opening  has  without  doubt  become  secondarily 
unpaired.  The  sexual  opening  is  rather  long  and  is  closed  by  two 
longitudinal  folds.  "  In  several  respects  the  male  sexual  organs  of 
Scolopendrella  are  like  those  of  Pauropus;  in  the  last-named  form 
we  have  indeed  an  unpaired  testis,  but  also  in  Scolopendrella  we 
see  the  beginning  of  such  a  singleness;  namely,  the  presence  of  an 
anastomosis  uniting  the  two  tubes,  their  communication  by  means 
of  a  transverse  connecting  canal  and  a  glandular  structure  in  the 
epithelium  forming  them.  The  male  sexual  organs  of  Pauropus 
differ  only  through  a  still  greater  complication."     (Schmidt.) 

Scolopendrella  in  habits  resembles  chilopods,  being  found  in 
company  with  Greophilus  burrowing  deep  in  light  sand  under  leaves, 
or  living  at  the  surface  of  the  ground  under  sticks  or  stones.  It  is 
very  agile  in  its  movements,  and  is  probably  carnivorous.  It  was 
considered  by  Haase  to  be  eyeless,  but  the  presence  of  two  ocelli 
has  been  demonstrated  both  by  Grassi  and  by  Schmidt.  Whether 
the  pigment  and  corneous  facet  are  present  is  not  certain.  The 
embryology  is  entirely  unknown  (although  Henshaw  reports  finding 
a  hexapodous  young  one),  and  it  need  not  be  said  that  a  knowledge 
of  it  is  a  very  great  desideratum.  It  is  most  probable  that  the 
young  is  hexapodous,  since  the  first  pair  of  limbs  are  4-jointed, 
all  the  rest  5-jointed;  while  Newport,  and  also  Ryder,  observed 
specimens  with  nine,  ten,  eleven,  and  twelve  pairs,  and  Wood- 
Mason  confirms  their  observations,  "  which  prove  that  a  pair  of  legs 
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is  added  at  each  moult,"  and  he  concludes  that  the  addition  of  new 
segments  ^^  therefore  takes  place  in  this  animal  by  the  intercalation 
of  two  at  each  moult  between  the  antepenultimate  and  penultimate 
sterna,  as  in  the  Chilognatha,  and  as  also  in  some  of  the  Chilopoda." 
There  is  but  one  family,  Scolopendrellidse,  and  a  single  genus, 
Scolopendrella,  which  seems  to  be,  like  other  archaic  types,  cosmo- 
politan in  its  distribution. 

Our  commonest  species  is  8.  immaculata  Newport,  which  occurs  from  Massa- 
chusetts to  Cordova,  Mexico,  and  in  Europe  from  England  to  the  Mediterraneaji 
and  Bossia ;  Mr.  O.  F.  Cook  tells  me  he  has  found  a  species  in  Liberia,  West 
Africa.  The  other  species  are  8.  notacantha  Gervais,  Europe  and  Eastern 
United  States ;  8.  nivea  Scopoli  (8.  gratiod  Ryder),  Europe  and  United  States  ; 
8.  latipes  Scudder,  Massachusetts. 
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INSECTA    (HEXAPODA) 

We  are  now  prepared  to  discuss  the  fundamental  or  essential 
characters  of  the  insects,  including  the  wingless  subclass  (Syna'p- 
tera),  and  the  winged  (Pterygota). 

Diagnostic  characters  of  insects.  —  Body  consisting  of  not  more  than 
twenty-one  segments,  which  are  usually  heteronomous  or  of  unequal  size 
and  shape,  aiTanged  in  three  usually  well-defined  regions;  i.e.  a  head, 
thorax,  and  hind-body  or  abdomen.  Head  small  and  fialtened  or 
rounded,  comi>osed  of  not  less  than  six  segments,  and  bearing,  besides 
the  eyes,  al  least  four  pairs  of  Jointed  appendages;  i.e.  one  pair  of 
antennce,  and  three  pairs  of  masticatory  appendages,  the  distal  or  molar 
portion  of  which  is  primarily  di tided  into  three  divisions,  suppoHed  on 
a  stipes  and  cardo,  and  in  certain  orders  modified  into  piercing  or  suck- 
ing structures,  TJie  head  is  composed  of  an  epicranium,  bearing  a  dis- 
tinct clypeus  and  labrum,  with  the  epipharynx.  Mandibles  1-jointed, 
without  a  palpus  and  vei^y  generally  tvith  no,  or  uncertain,  traces  of  a 
lacinia  and  a  stijyes.  Two  pairs  of  maj;illce;  the  first  pair  separate, 
usually  3-lobed,  comprising  a  lacinia,  galea,  and  pulpifer,  with  a  palpus 
which  is  never  more  than  6-jointed.  TJie  second  pair  united  to  form 
the  labium  or  under  lip,  composed  of  two  lacinim  fused  together;  in  the 
generalized  forms  with  a  rudimentary  galea;  bearing  a  pair  of  imlpi, 
never  more  than  4-jointed;  with  jyaraglossce  sometimes  present, 

(A  third  pair  of  mouth-appendages  situated  between  the  antennae  and 
mandibles  in  the  embryo  of  Anurida,  and  Apis,  and  culult  Campodea.) 

Tlie  epipharynx  forming  the  roof  of  the  mouth,  and  bearing  gustatory 
organs.  Hypopharynx  usually  ivell  developed,  lying  on  the  under  side  of 
the  mouth,  just  above  the  labium,  and  receiving  the  end  of  the  salivary 
duct. 

Eyes  of  two  kinds:  a  pair  of  compound,  and  from  two  to  three  simple 
eyes  (ocelli). 

The  thorax  consi,Hting  of  three  segments,  the  two  latter  segments  in  the 
winged  orders  highly  differentiated  into  numerous  tergal  and  lateral 
pieces  and  a  single  sternum ;  in  the  Synaptera  the  segments  are  undi- 
vided. (In  the  higher  Hymenoptera  the  basal  abdominal  segment  coa- 
lesced with  the  thorax.)  Three  pairs  of  legs,  each  foot  ending  in  a  pair 
of  claws.  Two  pairs  of  icings  (except  in  the  Synaptera),  a  pair  to  each 
of  the  two  hinder  thoracic  segments;  the  wings  occasionally  reduced 
or  wanting  in  ceiiain  adaptive  forms,  which,  however,  had  winged 
ancestors. 

Abdomen  consisting  at  the  most  of  from  ten  to  twelve  segments.     No 
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functioned  abdominal  legs  except  in  the  Thysantira,  and  in  the  larvce  of 
Lepidojftera.  A  jmir  of  1-  or  many-jointed  cercopods  on  the  tenth  seg- 
ment; and  in  certain  forms  a  pair  of  styles  on  the  ninth  segment.  In 
certain  orders  an  ovipositor  or  sting  formed  of  three  pairs  of  styliform 
processes;  in  CoUembola  a  single  pair  of  processes  forming  the  elater. 

Tlie  genital  o})enings  opisthogoneate,  usually  single,  but  paired  in 
TJiysanura  (Lejnsma),  Dermaptera,  and  Plectoptera  {Ephemerido'). 

The  digestive  canal  in  tlie  winged  orders  is  highly  differentiated,  the 
fore-intestine  being  divided  into  an  oesophagus  and  j^roventriculusy  the 
hind-intestine  into  an  ileum,  colon,  and  recttnn,  tvith  rectal  glands. 

The  nervous  system  consists  of  a  well-developed  brain,  in  the  more 
specialized  onlers  highly  complicated ;  no  more  than  thirteen  pairs  of 
ganglia,  which  may  be  more  or  less  fused  in  the  more  specialized  orders. 
Three  frontal  ganglia,  and  a  well-developed,  sympathetic  system  present. 

Stigmata  confined  {except  possibly  in  Sminthurus)  to  the  thorosX  and 
abdomen,  not  viore  than  ten  pairs  in  all,  and  ustially  but  nine  pairs. 
Tracheal  system  as  a  rule  highly  differentiated ;  invariably  with  tamidia. 

Dorsal  vessel  with  ostia  and  valvules;  no  arteries  except  the  cephalic 
aorta ;  no  veins.  After  birth  there  is  in  the  more  specialized  pten/gote 
orders  a  reduction  in  the  number  of  terminal  segments  of  the  abdomen. 

Development  either  direct  (Synaptera),  or  with  an  incomplete  (icith 
nymph  and  winged  or  imaginal  stages),  or  ccymplete  metamorphosis;  in 
the  latter  case  with  a  lai'val,  pupcd,  und  imago  stage. 

The  insects  may  be  divided  into  two  subclasses,  —  the  Synaptera, 
and  the  winged  orders,  Pterygota,  of  Gegenbaur  (1877),  since  the 
differences  between  the  two  groups  appear  on  the  whole  to  be  of 
more  than  ordinal  rank. 


1.    EXTERNAL   ANATOMY 

a.  The  regions  of  the  body 

The  insects  differ  from  other  arthropods  in  that  the  body  is  divided 
into  three  distinct  regions,  —  the  head,  thorax,  and  abdomen,  the 
latter  regions  in  certain  generalized  forms  not  always  very  distinctly 
differentiated.  The  body  behind  the  head  may  also  conveniently 
be  called  the  trunk,  and  the  segments  composing  it  the  trunk- 
segments. 

In  insects  the  head  is  larger  in  proportion  to  the  trunk  than  in 
other  classes,  notably  the  Crustacea;  the  thorax  is  usually  slightly 
or  somewhat  larger  than  the  head,  while  the  hind-body  or  abdomen 
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is  much  the  larger  region,  as  it  consists  of  ten  to  eleven,  and  per- 
haps in  the  Dermaptera  and  Orthoptera  twelve,  segments,  and  con- 
tains the  mid-  and  hind-intestine,  as  well  as  the  reproductive  organs. 

When  we  compare  the  body  of  an  insect  with  that  of  a  worm,  in 
which  the  rings  are  distinctly  developed,  we  see  that  in  insects  ring 
distinctions  have  given  way  to  regional  distinctions.  The  segments 
lose  their  individuality.  It  is  comparatively  easy  to  trace  the  seg- 
ments in  the  liind-body  of  an  insect,  as  in  this  region  they  are  least 
modified ;  so  with  the  thorax ;  but  in  the  head  of  the  adult  insect  it 
is  impossible  to  discover  the  primitive  segments,  as  they  are  fused 
together  into  a  sort  of  capsule,  and  have  almost  entirely  lost  their 
individuality. 

In  general  it  may  be  said  that  the  head  contains  or  bears  the 
organs  of  sense  and  of  prehension  and  mastication  of  the  food  ;  the 
thorax  the  organs  of  locomotion ;  and  the  abdomen  those  of  repro- 
duction. 

When  we  compare  the  body  of  a  wasp  or  bee  with  that  of  a  worm, 
we  see  that  there  is  a  decided  transfer  of  parts  headward ;  this  pro- 
cess of  cephalization  so  marked  in  the  Crustacea  likewise  obtains  in 
insects.  Also  the  two  hinder  regions  of  the  body  are,  in  a  much 
greater  degree  than  in  worms,  governed  by  the  brain,  the  principal 
seat  of  the  intelligence,  which,  so  to  speak,  dominates  and  unifies 
the  functions  of  the  body,  both  digestive,  locomotive,  and  repro- 
ductive, as  also  those  of  the  muscles  moving  the  different  segments 
and  regions  of  the  body.  To  a  large  extent  arthropodan  morphology 
and  class  distinctions  are  based  on  the  regional  arrangement  of  the 
somites  themselves.  Thus  in  the  process  of  grouping  of  the  seg- 
ments into  the  three  regions,  some  increase  in  size,  while  others 
undergo  a  greater  or  less  degree  of  reduction ;  one  segment  being 
developed  at  the  expense  of  one  or  more  adjoining  ones.  This 
principle  was  first  pointed  out  by  Audouin,  and  is  called  Audouin's 
law.  It  is  owing  to  the  greater  development  of  certain  segments 
and  the  reduction  of  others,  both  of  the  body-segments  and  of  the 
segments  of  the  limbs,  that  we  have  the  wonderful  diversity  of 
form  in  the  species  and  genera,  and  higher  groups  of  insects,  as 
well  as  those  of  other  arthropods. 

h.   The  integument  (ezoskeleton) 

The  skin  or  integument  of  insects  consists,  primarily,  as  in  worms 
and  all  arthropods,  of  an  epithelial  layer  of  cells  called  the  hrfpo- 
dermis.     This  layer  secretes  the  cuticle,  which  is  of  varying  thick- 
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ness  and  flexibility,  and  is  usually  very  dense,  impermeable,  and 
light,  compared  with  the  crust  of  the  Crustacea,  where  the  cuticle 
becomes  heavy  and  solid  by  the  deposition  of  the  carbonate  and 
phosphate  of  lime.  This  is  due  to  the  presence  of  a  substance  called 
by  Odier  chitin}  The  cuticle  is  thin,  delicate,  and  flexible  between 
the  joints ;  it  is  likewise  so  in  such  diaphanous  aquatic  larvae  as 
that  of  Corethra,  and  in  the  gills  of  aquatic  insects,  also  in  the  walls 
of  the  tracheae  and  of  the  salivary  ducts.  The  cuticle  thus  forms 
a  more  or  less  solid  crust  which  is  broken  into  joints  and  pieces 
(sclerites),  forming  supports  for  the  attachments  of  the  muscles  and 
serving  to  protect  the  soft  parts  within. 

Chitin.  —  If  we  allow  an  insect  to  soak  for  a  long  time  in  acids,  or 
boil  it  in  liquid  potassa  or  caustic  potash,  the  integument  is  not 
affected.  The  muscles  and  the  other  soft  parts  are  dissolved,  leav- 
ing the  cuticle  clear  and  transparent.  This  insolubility  of  the  cuti- 
cle is  due  to  the  presence  of  chitin,  the  insoluble  residue  left  after 
such  treatment.  It  also  resists  boiling  in  acids,  in  any  alkalies, 
alcohol  or  ether.     The  chemical  formula  is  Ci^HaeNgOio.'* 

*^  Chitin  forms  less  tlmn  one-half  by  weight  of  the  integument,  but  it  is  so 
coherent  and  uniformly  distributed  that  when  isolated  by  chemical  reagents,  and 
even  when  cautiously  calcined,  it  retains  its  original  organized  form.  The  color 
which  it  frequently  exhibits  is  not  due  to  any  essential  ingredient ;  it  may  be 
diminished  or  even  destroyed  by  various  bleaching  processes. ^^  (Miall  and 
Denny.) 

**  The  chemical  stability  of  chitin  is  so  remarkable  that  we  might  expect  it  to 
accumulate  like  the  inorganic  constituents  of  animal  skeletons,  and  form  perraa^ 
Dent  deposits.  Schlossberger  (Ann.  d.  chem.  u.  pharm.,  bd.  08)  has,  however, 
shown  that  it  changes  slowly  under  the  action  of  water.  Chitin  kept  for  a  year 
under  water  partially  dissolved,  turned  into  a  slimy  mass,  and  gave  off  a  peculiar 
smell.  This  looks  as  if  it  were  liable  to  putrefaction.  The  minute  proportion  of 
nitrogen  in  its  composition  may  explain  the  complete  disappearance  of  chitin  in 
nature."     (Miall  and  Denny,  The  Cockroach,  p.  29.) 

Chitin,  or  a  substance  closely  similar  to  it,  occurs  in  worms  and  in  their  tubes, 
especially  in  the  pharyngeal  teeth  of  annelids  and  in  their  setse.  The  shell  of 
Lingula  and  the  pen  of  cuttle-fish  contain  true  chitin  (Krukenberg) .  The  integu- 
ment of  Limulus,  of  trilobites,  and  of  Arachnida,  as  well  as  Myriopoda,  appears 
to  consist  of  chitin.  > 

The  chitin  is  rapidly  deposited  at  the  end  of  embryonic  life,  also 
during  the  larval  and  pupal  stages.     As  is  well  known,  insects  after 

1  Lassaigne  gave  it  the  name  of  entomoline. 

^  Miall  and  Denny  ex  Krukenberg ;  Kolbe  gives  the  formnla  as  C9Hi5NOe  or 
C]gHi5NOi3.  As  the  result  of  his  recent  researches,  Krawkow  (Zeits.  Biol.,  xxix, 
1892,  p.  177)  states  that  the  chemical  composition  of  chitin  may  prove  to  be  some- 
what variable. 

*  On  allowing  portions  of  a  locust,  a  piece  of  the  integument  of  Limulus,  a  scorpion, 
and  a  myriopod  to  soak  for  a  month  in  white  potash,  neither  were  dissolved  or 
affected  by  the  reagent. 
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moulting  are  white,  but  in  a  few  hours  turn  dark,  and  those  which 
live  in  total  darkness  are  white,  showing  that  light  has  a  direct  effect 
in  causing  the  dark  color  of  the  integument. 

Moseley  analyzed  one  pound  weight  of  Blatta,  and  found  plenty 
of  iron  with  a  remarkable  quantity  of  manganese. 

Schneider  regarded  chitin  as  a  hardening  of  the  protoplasm  rather 
than  a  secretion,  and  the  cuticle  is  looked  upon  as  an  exudation*  It 
is  structureless,  not  consisting  of  cells,  and  consists  of  fine  irregular 
laminae.  "A  cross-section  of  the  chitinous  layer  or  *  cuticle'  ex- 
amined with  a  high  power  shows  extremely  close  and  fine  lines  per- 
pendicular to  the  laminae."  In  the  cockroach  the  free  surface  of 
the  cuticle  is  divided  into  polygonal,  raised  spaces  or  areas  which 
correspond  each  to  a  chitinous  cell  of  the  hypodermis.  (Miall  and 
Denny.) 

Numerous  pore-canals  pass  through  the  cuticle  of  all  the  external 
parts  of  the  body.  The  larger  canals  nearly  always  form  the  way 
for  the  passage  of  secretions  from  dermal  cells,  or  connect  with  the 
cavities  of  hairs  or  setae;  when  very  fine  and  not  connected  with 
hairs  or  scales,  they  are  either  empty  or  filled  with  air,  and  may  pos- 
sibly serve  for  respiration. 

Vosseler  distinguishes  in  the  cuticle  two  layers  of  different  physi- 
cal and  chemical  characters.  Besides  the  external  chitinous  layer 
there  is  an  inner  layer  which  entirely  agrees  with  cellulose.  (Zool. 
Centralblatt,  ii,  1895,  p.  117.) 

The  reparative  nature  of  chitin  is  seen  in  the  fact  that  Verhoeff 
finds  that  a  wound  on  an  adult  Carabus,  and  presumably  on  other 
insects,  is  speedily  closed,  not  merely  by  a  clot  of  blood,  but  by  a 
new  growth  of  chitin. 


c.  Mechanical  origin  and  atmcture  of  the  aegmenta  (aomiteSf 

arthromerea,  metameres,  zonitea) 

The  segments  are  merely  thickenings  of  the  skin  connected  by 
folds  or  duplications  of  the  integument,  and  not  actually  separate  or 
individual  rings  or  segments.  This  is  shown  by  longitudinal  (sagit- 
tal) sections  through  the  body,  and  also  by  soaking  or  boiling  the 
entire  insect  in  caustic  potash,  when  it  is  seen  that  the  integument 
is  continuous  and  not  actually  subdivided  into  separate  somites 
or  arthroraeres,  since  they  are  seen  to  be  connected  by  a  thin  inter- 
segmental membrane  (Fig.  16).  But  this  segmentation  or  metame- 
rism of  the  integument  is,  however,  the  external  indication  of  the 
segmentation  of  the  arthropodan    body   most   probably    inherited 


MECHANICAL   ORIGIN  OF  THE  SEGMENTS  31 

£rom  the  worms,  being  a  disposition  of   the   soft  parts   which  is 
characteristic  of  the  vermian  type.     This  segmentation  of  the  integu- 
ment is  correlated  with  the  serial  repetition  of  the  ganglia  of  the 
nervous  system,  of  the  ostia  of  the  dorsal  vessel,  the 
primitive  disposition  of  the  segmental  and  reproduc- 
tive organs,  of  the  soft,  nuiscular  dissepiments  which 
correspond  to  the  suture  between  the  segments,  and 
with  the   metameric   arrangement   of   the   muscles  ' 
controlling  the  movements  of  the  segments  on  each 
other,   and   which  internal   segmentation  or  meta- 
merism ia  indicated  very  early  in  embryonic  life 
by  the  mesoblastic  somites. 

In  the  unjointed  worms,  as  Graber  states,  the  body 
forms  a  single  but  flexible  lever.  In  the  eaithworm 
the  muscular  tube  or  body-wall  is  enclosed  by  a  stiffer  i «  -  m 

cuticle,  divided  into  segments ;  hence  the  worm  can  it«"n  or  the  »intHor 
move  in  all  required  directions,  but  only  by  sections,  showimttiif  membra' 
as  seen  in  Fig.  16,  which  repi-esents  the  thickened  foirjs.a.— Anrrorm- 
integument  divided  into  segments,  and  folded  inward 
between  each  segment,  this  thin  portion  of  the  skin  being  the  inter- 
1  fold.  Each  segment  corresponds  to  a  special  zone  of  the 
^  ^         subdivided  muscular  tube 

{m),  the  fascia  extending 
longitudinally'.  The  figure 
shows  the  mode  of  attach- 
ment of  the  fascia  of  the 
muscle-tube  to  the  seg- 
ment. The  anterior  edge 
is  inseited  on  the  stiff,  un- 
yielding, inner  surface  of 
each  segment :  the  hinder 
edge  of  the  muscle  is  at- 
tached to  the  thin,  flex- 
ible, intersegmental  fold, 
which  thus  acts  as  a  ten- 
don on  which  tlie  muscle 
can  exert  its  force.  (Gra- 
ber.) 

"  Eig.  17  ]nakes  this  still  clearer.  The  muscles  (hi)  extend  Ijetween 
two  segments  immediately  succeeding  each  other.  Supposing  the 
anterior  one  (j-1)  to  be  stationary,  what  do  we  then  see  wheii  the 
muscle  contracts  ?     Does  it  also  become  shorter  ?     The  intei-seg- 
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mental  fold  is  drawn  forwards,  and  hence  the  entire  hinder  segment 
moves  forward  and  is  shoved  into  the  front  one,  and  so  on  with  the 
others,  as  at  B,     Afterwards,  if  the  strain  of  the  muscle  is  relieved 

by  the  diminishing  action  of 
the  tensely  stretched,  inter- 
segmental membrane,  it 
again  returns  to  a  state  of 
rest."     (Graber.) 

While  we  look  upon  the 
dermal  tube  of  worms  as  a 
single  but  flexible  lever,  the 
body  of  the  arthropods,  as 
Graber  states,  is  a  linear 
system  of  stiff  levers.  AVe 
have  here  a  series  of  stiff, 
solid  rings,  or  hoops,  united 
by  the  intersegmental  mem- 
brane into  a  whole.  When 
the  muscles,  extending  from 
one  ring  to  the  next  behind 
contract,  and  so  oi^  through 
the  entire  series,  the  rings 
approximate  each  other. 

The  ectoskeletal  segments 
bend  to  one  side  by  the  con- 
traction of  the  muscles  on 
one  side,  the  point  of  the 
outer  segmental  fold  oppo- 
site the  fixed  point  becoming 
converted  into  the  turning- 
point  (C). 

The  usual  result  of  the 
arrangement  of  the  locomo- 
tive system  is  the  simple 
curving  of  the  body  (C),  and 
then  the  alternate  bending 
of  the  body  to  right  and 
left,  which  produces  the  serpentine  movements  characteristic  of  the 
earthworms,  the  centipede,  and  many  insect  larvae.  The  most  strik- 
ing example  of  the  wonderful  variety  of  movements  which  can  be 
made  by  an  insect  are  those  of  the  Syrphus  larva.  When  feeding 
amid  a  herd  of  aphides,  it  is  seen  to  now  raise  the  front  part  of  the 


Fi(».  IS.  —  Diagrams  to  demonstrate  the  mechan- 
ism of  the  motion  of  the  sefrmented  body  in  tl^e 
Arthi-oiKMla:  One  larger  segment  (,(■/)  and  4  smaller. 
The  exoskeleton  i.s  indicatiMi  by  black  lines,  the  inter- 
articular  membranes  by  dotted  lines.  The  hini^cs 
between  consecutive  sefrnients  are  marked  ni,  tenral 
idorsal)  skeleton;  «,  sternal  (ventral)  skeleton;  r/, 
dorsal  lonfdtndinal  muscle.*^  =  extensors  (and  flexors 
in  an  upwanl  direction)  ;  r.  ventral  loniritiidinal 
muscles  — flexors.  In  J?,  the  row  of  seifnients  is 
stretched  ;  in  A^  by  the  contraction  of  the  muM*les(f/) 
bent  upward  ;  in  <^  downward  ;  tg.  terfral ;  ng,  sternal 
Interarticular  membranes.  —  After  Lang. 
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body  erect  and  stiff,  then  to  bend  it  down,  or  rapidly  turn  it  to  either 
side,  or  move  it  in  a  complete  circle.     (Graber,  pp.  23-26.) 

The  arrangement  and  mode  of  working  of  the  muscles,  says  Lang, 
is  illustrated  by  Fig.  18,  which  shows  us  five  segments,  one  larger 
(el)  and  four  smaller,  in  vertical  projection.  The  thicker  portion 
of  the  integument  is  marked  by  strong  outlines,  the  delicate  and 
flexible  interarticular  membranes  (/gr,  sg)  in  dotted  lines.  The  hinges 
bet\veen  two  consecutive  segments  are  marked  a.  A  dorsal  muscle 
(d)  is  attached  to  the  larger  segment  (ct),  and  runs  through  the 
smaller  segments,  being  inserted  in  the  dorsal  portion  of  the  crust 
(t)  of  each  by  means  of  a  bundle  of  fibres.  A  ventral  muscle  (v) 
does  the  same  on  the  sternal  side  (s). 

"The  skeletal  segments,"  adds  Lang,  "may  be  compared  to  a 
double-armed  lever,  whose  fulcrum  lies  in  the  hinges.  If  the  dorsal 
muscle  contracts,  it  draws  the  dorsal  arm  of  the  lever  (the  tergal 
portion  of  the  skeleton)  in  the  direction  of  the  pull  towards  the 
larger  segments ;  the  tergal  interarticular  membranes  become  folded, 
the  ventral  stretched,  and  the  four  segments  bend  upward  (Fig.  18, 
A).  If  the  ventral  muscle  contracts,  while  at  the  same  time  the 
dorsal   slackens,   the   row  of    segments   will   be   bent    downwards 

(Fig.  18,  cy 

L.  B.  Sharp  suggests,  that  in  the  Crustacea  the  rings  formed  by 
'*  the  regularity  and  stress  of  muscular  action  "  would  be  hardened 
by  the  deposition  of  lime  at  the  most  prominent  portion,  i.e.  between 
what  we  have  called  the  intersegmental  folds.  (American  Naturalist, 
1893,  p.  89.)  Cope  also  states  that  "  with  the  beginning  of  indurar 
tion  of  the  integument,  segmentation  would  immediately  appear,  for 
the  movements  of  the  body  and  limbs  would  interrupt  the  deposit  at 
such  points  as  would  experience  the  greatest  flexure.  The  muscular 
system  would  initiate  the  process,  since  flexure  depends  on  its  con- 
tractions, and  its  presence  in  animals  prior  to  the  induration  of  the 
integuments  in  the  order  of  phylogeny,  furnishes  the  conditions  re- 
quired."    (The  Primary  Factors  of  Organic  Evolution,  p.  268, 1895.) 

It  is  apparent  that  the  jointed  or  me  tamer  ic  structure  of  the 
bodies  of  insects  and  other  arthropods  is  an  inheritance  from  the 
segmented  worms.  In  the  worms  the  body  is  a  continuous  dermo- 
muscular  tube,  while  in  arthropods  this  tube  is  divided  into  regions, 
and  the  cuticle  is  thicker  and  more  resistant.  To  go  back  to  the 
incipient  stages  in  the  process  of  segmentation  of  the  body,  we  con- 
ceive that  the  worms  probably  arose  from  a  creeping  gastrula-like 
form,  the  gastrsea.  The  act  of  creeping  gradually  induced  an  elon- 
gated shape  of  the  body.     The  movement  of  such  an  organism  in  a 
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forward  direction  would  gradually  evolve  a  fore  and  aft,  dorsal 
aud  ventral,  and  bilateral  symmetry.  As  soon  as  this  was  attained, 
as  the  effect  of  creeping  over  i-ough  irregular  surfaces  there  would 
result  mechanical  lateral  strains  intermittently  acting  during  the 
serpentine  movements  of  the  worm.  The  inlegument  would,  we  can 
readily  suppose,  tend  to  bend  or  yield,  or  become  permanently 
wrinkled,  at  more  or  less  regular  intervals.  The  arrangement  ot 
the  muscles  would  gradually  conform  to  this  habit  of  creeping,  and 
finally  the  nervous  system  and 
other  organs  more  directly  con- 
nected with  the  creeping  move- 
ments of  the  organism  would  tend 
to  be  correlated  in  their  arrange- 
ment with  that  of  the  segments. 
In  this  way  the  homonomous  seg- 
V  ments  of  the  ainielid  iMxly  prob- 
ably bet'ame  developed,  and  their 
relations  and  shapes  were  eventu- 
ally fixed  by  inheritance.  After 
this  stage  was  reaehed,  and  limba 
began  to  ap[>ear,  the  segments 
would  tend  to  become  lieterono 
inous,  and  to  be  grouj^d  into 
regions. 

The  origin  of  the  joints  or  seg- 
ments in  the  limlis  of  ailhropods 
was  probably  due  to  the  mechanical 
strains  to  which  what  were  at  first 
soft  fleshy  outgi'owths  along  the 
sides  nf  the  l)oi!y  became  sub- 
jected. Indeed,  certiiin  annelid 
worms  of  the  fauiily  Syllidie  have 
io[nt*d  loiiiKi.-s  aii.1  nuiriai  ■|.|»iidn)itii.  —  segmented  tentacles  and  par»- 
podia,  as  in  mij.aidinia  (rig.  19). 
We  do  not  know  enough  alwnt  the  habits  of  these  worms  to  under- 
stand how  this  inetanierisin  may  have  arisen,  but  it  is  possibly  due 
to  the  a<!t  of  pushing  or  rejieated  elTorts  to  siipjKirt  the  IwHly  while 
creeping  over  the  bottom  among  broken  shells,  over  coar.se  gravel, 
or  among  seaweeds. 

It  is  obvious,  however,  that  the  jointed  structure  of  the  limbs  of 
arthropods,  if  we  ai-e  to  attempt  any  explanation  at  all  of  the  origin 
of  such  structure,  was  primarily  due  mainly  to  lateral  strains  and 
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impacts  resulting  from  the  primitive  endeavors  of  the  ancestral 
arthropods  to  raise  and  to  support  the  body  while  thus  raised, 
and  then  to  push  or  drag  it  forward  by  means  of  the  soft,  partially 
jointed,  lateral  limbs  which  were  armed  with  bristles,  hooks,  or 
finally  claws. 

On  the  other  hand,  by  adaptation,  or  as  the  result  of  parasitism  and 
consequent  lack  of  active  motion,  the  original  number  of  segments 
may  by  disuse  be  diminished.  Thus  in  adult  wasps  and  bees,  the 
last  three  or  four  abdominal  segments  may  be  nearly  lost,  though  the 
larval  number  is  ten.  During  metamorphosis  the  body  is  made 
over,  and  the  number,  shape,  and  structure  of  the  segments  greatly 
modified.  In  the  female  of  the  Stylopidae  the  thorax  loses  all  traces 
of  segments,  and  is  fused  with  the  head,  and  the  abdominal  segments 
are  faintly  marked,  losing  their  chitin. 

While  the  maxillae  have  several  joints,  the  mandibles  are  1-jointed., 
but  there  are  traces  of  two  joints  in  Campodea,  certain  beetles,  etc. 
In  the  antenna  there  is  a  great  elasticity  in  respect  to  the  num- 
ber of  joints,  which  vary  from  one  or  two  to  a  hundred  or  more.  It; 
is  likewise  so  in  the  thoracic  legs,  where  the  number  of  tarsal  joints 
varies  from  one  to  five ;  also  in  tlie  cercopoda,  the  number  of  joints 
varying  from  one  or  two  to  twelve  or  more. 


d.  Mechanical  origiii  of  the  limbs  and  of  their  jointed  Btmcture 

We  have  already  hinted  at  the  mode  of  origin  of  the  limbs  of 
arthropods.  Like  the  body  or  trunk,  the  limbs  are  chitinous  dermo- 
mascular  tubes,  with  a  dense  solid  cuticle,  and  internal  muscles, 
and  were  it  not  for  their  division  at  more  or  less  regular  intervals 
into  segments,  forming  distinct  sets  of  levers,  set  up  by  the  strains 
in  these  tubular  supports,  there  would  l)e  no  power  of  varied  motion. 

Even  certain  worms,  as  already  stated,  have  their  tentacles  and 
parapodia,  or  certain  appendages  of  their  parapodia,  more  or  less 
jointed,  but  there  are  no  indications  of  claws  or  of  any  other  hard 
chitinous  armature  at  the  extremitv,  and  the  skin  is  thin  and  soft. 

In  the  most  simple  though  not  the  most  primitive  arthropods, 
such  as  the  Tardigrades,  whose  body  is  not  segmented,  there  are 
four  pairs  of  short  unjointed  legs,  ending  each  in  two  claws,  which 
have  probably  arisen  in  response  to  the  stimulus  of  pushing  or 
dragging  efforts. 

The  legs  of  Peripatus  are  unjointed,  and  have  a  thin  cuticle,  but 
end  in  a  pair  of  claws,  which  have  evidently  arisen  as  a  supporting 
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Fio.  20. —  A  pro- 
thoracic  leg  of  Chlrono- 
mua  larva ;  and  pupa. 


Fio.  21.  —  i4,  larva  of  Ephydra 


armature,  the  result  of  the  act  of  moving  or  pulling  the  body  over 
the  uneven  surface  of  the  ground. 

There  is  good  reason  to  suppose  that  such  limbs  arose  from  dyna- 
mical causes,  similar  to  those  exciting  the  formation  of  secondary 
adaptations  such  as  are  to  be  seen  in  the  prop  or  supporting  legs  of 
certain  dipterous  larvje,  as  the  single  pair  of  Chironomus  (Fig.  20)- 

and  Simulium,   or   the   series  of   unjointed  soft 

tubercles  of  Ephydra  (Fig.  21),  etc.,   which  are 

armed  with  hooks  and  ^ 

claws,    and    are    thus 

adapted    for    dragging 

the  insect  through   or 

over  vegetation   or 

along  the  ground. 
Now     by     frequent 

continuous  use  of  such 

unjointed      structures, 

the    cuticle  would  tend       ^-oU/omica:  «,*,<-,  pui»a." 

to  become  hard,  owing  to  the  deposit  of  a  greater  amount  of  chit  in 
between  the  folds  of  the  skin,  until  finally  the  body  being  elongated 
and  homonomously  segmented,  the  movements  of  walking  or  running 
would  be  regular  and  even,  and  we  would  have  homonomously 
jointed  legs  like  those  of  the  trilobites,  or  of  the  most  generalized 
Crustacea  and  of  Myriopoda. 

In  the  most  primitive  arthropods,  — and  such  we  take  it  were  on 
the  whole  the  trilobites,  rather  than  the  ("rustacea,  —  the  limbs  were 
of  nearly  the  same  shape,  being  long  and  slender  and  evenly  jointed 
from  and  including  the  antennae,  to  the  last  j^air  of  limbs  of  the 
abdominal  region.  In  these  forms  there  api>ear  to  be,  so  far  as  we 
now  know,  no  differentiation  into  mandibles,  maxilhe,  maxillipedes, 
and  thoracic  legs,  or  into  gonopoda.  The  same  lack  of  diversity  of 
structure  and  function  of  the  head-appendages  has  survived,  with 
little  change,  in  Limulus.  In  the  trilobites  (Fig.  1)  none  of  the 
limbs  have  yet  been  found  to  end  in  claws  or  foreei)s ;  being  in  this 
respect  nearly  as  primitive  as  in  the  worms.  Secondary  adaptations 
have  arisen  in  Limulus,  the  cephalic  appendages  being  forcipated, 
adapted  as  supports  to  the  body  and  for  pushing  it  onward  through 
the  sand  or  mud,  while  the  abdominal  legs  are  broad  and  flat, 
adapted  for  swimming  and  bearing  the  broad  gill-leaves. 

It  is  thus  quite  evident  that  we  have  three  stages  in  the  evolution 
of  the  arthropodan  limb ;  i,e,  1,  the  syllid  stage,  of  simple,  jointed, 
soft,  yielding  appendages  not  used  as  true  supports  (Fig.  19);  2,  the 
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trilobite  stage,  where  they  are  more  solid,  evenly  jointed,  but  not  end- 
ing in  claws;  and  by  their  comparatively  great  numbers  (as  in  the 
trilobite,  Triarthrus)  fully  supporting  the  body  on  the  bottom  of  the 
sea.  In  Limulus  they  are  much  fewer  in  number,  thicker,  and  acting 
as  firm  supports,  the  cephalic  limbs  of  use  in  creeping,  and  ending  in 
solid  claws.  3,  The  third  stage  is  the  long  slender  swimming  head- 
appendages  of  the  nauplius  stage  of  Crustacea. 

As  regards  the  evolution  of  limbs  of  terrestrial  arthropods,  we 
have  the  following  stages:  1,  the  soft  unjointed  limbs  of  Tardi- 
grades,  ending  in  two  claws,  and  those  of  Peripatus,  and  the  pseudo- 
or  prop-legs  of  certain  dipterous  larvae ;  2,  finally  the  evolution  of 
the  long,  solid,  jointed  limbs  of  Pauroptis  and  other  primitive  myrio- 
pods,  the  legs  forming  solid,  firm  supports  elevating  the  body,  and 
enabling  the  insect  to  drag  itself  over  the  ground  or  to  walk  or  run. 
When  the  body  is  elongated  and  many-segmented,  the  legs  are  neces- 
sarily numerous ;  but  when  it  is  short,  the  legs  become  few  in  number, 
i.e,  six,  in  the  hexapodous  young  of  myriopods  and  in  insects,  or 
eight  in  Arachnida,  Whenever  the  legs  are  used  for  walking,  i.e. 
to  raise  and  support  the  body,  they  end  in  a  solid  point  or  in  a  pair 
of  forceps  or  claws.  On  the  other  hand,  as  in  phyllopods,  Avhere 
the  legs  are  used  mainly  for  swimming,  they  are  unarmed  and  are 
soft  and  membranous,  or,  as  in  the  limbs  of  the  nauplius  or  zoea 
stage  of  crustaceans,  end  in  a  simple  soft  point,  which  often  bears 
tactile  setae. 

The  tarsal  joints  are  more  numerous  in  order  to  give  greater  flexi- 
bility to  the  limb  in  seizing  and  grasping  objects,  both  to  drag  the 
body  forwards  and  to  support  it. 

Unlike  those  of  the  Crustacea,  the  limbs  of  insects  are  not  primi- 
tively biramose,  but  single,  the  three-lobed  first  maxillae,  and  sec- 
ondarily bilobed  second  maxillae  being  the  result  of  adaptation. 
Embryology  on  the  whole  proves  the  truth  of  this  assumption ;  the 
maxillae  of  both  pairs  are  at  first  single  buds,  afterwards  becoming 
lobed.  All  the  appendages  of  the  body,  including  the  ovipositor  or 
sting,  are  modified  limbs,  as  shown  by  their  embryological  develop- 
ment. 

It  is  noticeable  that  in  the  crab,  where  the  body  is  raised  by  the 
limbs  above  the  bottom,  it  is  much  shorter  and  more  cephalized  than 
in  the  shrimps.  Also  in  the  simply  walking  and  running  spiders, 
the  hind-body  is  shorter  than  in  scorpions,  while  in  the  running  and 
flying  insects,  such  as  the  Cicindelidae,  and  in  the  swiftly  flying 
flies  and  bees,  there  is  a  tendency  to  a  shortening  of  the  body, 
especially  of  the  abdomen.     The  long  body  of  the  dragon-fly  is  an 
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impediment  to  flight,  but  compeosated  for  by  the  action  of  the  large 
wings. 

The  arthropodan  limb  is  a  compound  lever^e  system.  It  is,  says 
Graber,  a  lateral  outgrowth  of  the  trunk,  which  repeats  in  miniature 
that  of  the  main  trunk,  its  single  series  of  joints  or  segments  form- 
ing a  jointed  dermo-muscular  tube.  Yet  the  lateral  appendages  of 
an  insect  differ  from  the  main  trunk  in  two  ways :  (1)  they  taper  to 
the  end  which  bears  the  two  claws,  and  (2)  their  segments  are  in  the 
living  animal  arranged  not  in  a  straight  line,  but  at  different  angles 
to  each  other.  The  basal  joint  turning  on  the  trunk  acts  as  the  first 
of  a  whole  series  of  levers.  The  second  joint,  however,  is  connected 
with  the  nuisculature  of  the  first  or  basal  joint,  and  thus  each  suc- 
ceeding joint  is  moved  on  the  one  preceding.  Each  lever,  from 
the  first  to  the  last,  is  both  au  active  and  a  t>assive  instrument. 
(Graber.) 

While,  however,  as  Graber  states,  the  limbs  possess  their  own  sets 
of  muscles  and  can  move  by  the  turning  of  the  basal  joint,  the  labor 
is  very  much  facilitated,  as  is  readily  seen,  by  the  trunk,  though  the 
latter  has  to  a  great  extent  delegated  its  locomotive  function  to  the 
apiwiidages,  which  again  divide  its  labor  among  the  seimrate  joints. 

Graber  then  calls  attention  to  the  analogy  of  the  mechanics  of 
locomotion  of  insects  to  those  of  vertebrates.  An  insect's  and  a 
vertebrate's  legs  are  constructed  on  the  same  general  mechanical 
principles,  the  limbs  of  each  forming  a  series  of  levers. 

Fig.  22,  A,  represents  diagrammatical ly  the  knee  joint  of  a  verte- 
brate, and  B  that  of  an  insect ;  a,  the  femur  or  thigh,  and  b,  the  tibia 
^  B  *"■  shank.      In  the  verte- 

brate the  internally  situ- 
ated bones  are  brought 
into  close  union  and  bend 
by  iHMtns  of  a  hinge-joint ; 
so  also  in  the  chiti nous- 
skinned  insect. 

The   stiff   dermal    tube 

F.<..K--0u«r.n.ofthekn«-]Dininf,v,rWmi.<.4i  "^  *!'«  insect  acts  as  a 
"i'hy'S^p/uil^ilint'itlbj'TfiMiw'J'Vnt^^^^  l«^'^r    by    means    of    the 

Joint.  Thait<>tiaiiinair»iitai«>iii.iihBc<iiiiuurDribiti^.  iiin  inierseguieutai  mem- 
—  Aft*rOr»wr.  brane   {i')   pushed    in    or 

telescoped  in  to  the  thigh  joint,  a  special  joint^capsule  being  suiter- 
fluoua.  The  muscles  are  in  general  the  same  in  both  tyi*s;  they 
form  a  circle.  In  both  the  shank  is  extended  by  the  contraction  of 
the  upper  muscles  (rf)  and  is  bent  by  the  contraction  of  the  lower 
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(d*).  The  intersegmental  membraiie  of  the  insect's  limb  is  in  a 
de^e  a  two-armed  lever,  whose  pivot  (/)  lies  in  the  middle.  The 
internal  invagination  of  the  intersegmental  fold  (B,  g-K)  atfords  the 
necessary  support  to  the  muscles  acting  like  the  tendon  in  the  verte- 
brate.    (Graber.) 

Graber  also  calls  attention  to  the  fact  that  this  insect  limb  differs 
in  one  important  resiieet  from  that  of  land  vertebrates.     The  lever- 
age system  in  the  last  is  divided  at  the  end 
into  five  parallel   divisions  or  digits.     In 
arthropods,  on  the  contrary,  all  the  joints 
succeed  one  another  in  a  linear  series. 

In  insects,  as  well  as  in  other  arthropods, 
modifications  of  the  limbs  usually  take  the 
form  of  a  simi>le  reduction  in  the  number  of 
segments.  Thus  while  the  normal  number 
of  tarsal  joints  is  five,  we  have  trimerous 
and  dimerous  Coleoptera,  and  in  certain 
Scarabfcidee  the  anterior  tarsi  are  lost. 

Savigny  was  the  first,  in  1R16,  in  his  great 
work,  "  Thferie  des  organes  de  la  boiiche  des 
Crustac^s  et  des  Insectes,"  to  demonstrate 
that  not  only  were  the  buccal  appendages  of 
biting    insects   homologous  with  those    of 

bugs,  moths,  flies,  etc.,  but  that  they  were  ^^^  ^  —  primitive  hMdm- 
homologous  with  the  thoracic  legs,  and  that  (remiof«siAiiiiinQih,  Mimiiie 
thus  a  unity  of  structure  prevails  through-  ru<iim»ni»r)r  ■pix.ndHtn'ii :  (■, 
out  the  appendages  of  the  body  of  all  nujuiiMm;  M.i.  ma-;,  iirit  Mci 
arthrojKMis.  Oken  also  observed  that  "the  «'.  sbdomiMi'  i^.  —  aiwt 
maxillae  are  only  repeated  feet." 

What  was  modestly  put  forth  as  a  theory  by  the  French  mor- 
pholc^st  has  been  abundantly  proved  by  the  embryology  of  insects 
of  different  orders  to  be  a  fact.  As  shown  in  Fig.  23  the  antennae  and 
buccal  appendages  arise  as  paired  tubercles  exactly  as  the  thoracic 
legs.  The  abdominal  region  also  bears  similar  embryonic  or  tem- 
porary limbs,  all  of  which  in  those  insects  without  an  ovipositor 
disappear,  except  the  cercopoda,  after  birth. 
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THE   HEAD   AND   ITS   APPENDAGES 


While  the  head  is  originally  composed  of  probably  not  less  than 
six  segments,  these  are  in  the  adult  insect  fused  together  into  a  cap- 
sule ur  hard  chitinous  box,  the  e]}icmHiiim,  with  no  distinct  traces  of 
the  pi'imitive  segments.  The  head  contains  the  brain  and  accessory 
ganglia,  the  mouth  or  buccal  cavity,  also  the  air-sacs  in  many  winged 
forms,  anil  gives  support  to  the  external  organs  of  sense,  the 
anteuniE,  and  to  the  buccal  appendages, 
the  larger  part  of  the  interior  being 
filled  with  the  muscles  moving  these 
structures.  The  solid  walls  of  the  hea*l 
serve  as  a  lever  or  siipport  for  the 
attachment  of  these  muscles,  esiiecially 
those  of  the  mandibles.  Thus  there  is 
a  correlation  between  the  large  size  of 
the  mandibles  of  the  soldier  white  ants 
and  ants,  the  head  being  correspond- 
ingly large  to  accommodate  the  great 
mandibular  muscles.  The  other  extreme 
is  seen  in  tlie  larva  of  Necrophilus 
(Fig.  24),  with  its  long  slender  net-k 
and  diminutive  head. 
o|,,f™""AV^""» ''Z^tr'!--":  The  clypeua.  —  This  is  that  part  of 
PjT.ii.M-.  "of  Kn-,.i,-Ari«  Kdui.;  ti,e  ji^^d  situated  in  front  of  the  ei.i- 
cranium,  and  anterior  to  the  eyes,  form- 
ing the  roof  of  the  posterior  part  of  the  mouth,  and  is,  as  embryology 
shows,  probably  a  tergal  sclerite..  It  varies  greatly  in  sha|>e  and  size 
in  the  different  oi-ders  of  insects.  It  is  often  divided  into  two  parts, 
the  ctgjjeiiii  posterior  and  dyjieiis  anterior,  or  which  may  be  desig- 
nated as  the  iHMl-  and  ante-elifpens  (Figs.  29,  B). 

The  labrum.  —  The  "  upper  lip  "  or  labriim  is  an  unpaired  flap-like 
piece  hinged  to  the  front  edge  of  the  clypens,  and  may  be  seen  to 
move  up  and  down  when  the  insect  moves  its  mandibles.  It  forms 
the  roof  of  the  anterior  part  of  the  mouth  (Figs.  6!>,  74),  and  its  inner 
side  is  lined  with  a  soft  membrane,  usually  provided  with  hairs  and 
sense-papillffi  or  cups,  forming  the  epipharynx. 

The  labrum  is  more  or  less  deeply  bilobed,  esi)ecially  in  caterpil- 
lars and  in   adnit  Staphylinidie,  ami   has  l>een   thought  by  some 
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writers  (Kowalevsky,  Carrifere,  and  also  Chatin)  to  represent  a  pair 

of  appendages,  but  Heymons  (189«5)  refutes  this  view,  stating  as  his 

reason  that  the  labrum  arises  between  the 

two  halves  of  the  nervous  system  (protocere- 

brum),  while  all  the  true  appendages  arise  on 

each  side  of  the  nervous  system.    (See  also 

Fig.  U.) 

In  the  fleas  (Siphonaptera)  both  the  clypeus 
and  labrum  are  wanting. 

While    it    apparently  forms    an    anterior 
specialized  portion  of  the  procephalic  lobes, 
A^iallanes   regarded  it  as  belonging   to   the   h  J  of 't^r'^"-' Tepfem^ 
third,  or  his  tritocerebral,  segment,  since  the   S!roieiiV'*7eye^V,^^^^^^^^ 
labral  nerves    arise    from   the   tritocerebral   ^^^\j^^riMe\mx/pon\imo{ 

niaxilla  uncovered   bv   the   la- 

ganglia.     But  since  in  all  the  early  as  well   i^/bto;'^'i""**"**'yP"^'P"'*^^''' 
as  late  stages  of  embryonic  life  it  appears 

to  be   situated  in  front   of  the   mouth,  it  would  seem  to  belong 
to  the  first  segment. 

In  the  embrj'o  of  Blatta  it  first  appears  as  a  thick  crescentie  fold 
being  slightly  divided  anterior  to  the  mouth,  and  in  Doryphora  it 
appears  as  a  heart-shaped  or  deeply  bilobed  prominence  situated  in 
front  of  the  mouth  (Wheeler). 

The  epipharynx  and  labrum-epipharynz.  —  The  epipharynx  is  the 
under  surface  or  pharyngeal  lining  of  the  clype,us  and  labrum,  form- 
ing the  membranous  roof  of  the  mouth.  As  it  contains  the  organs  of 
taste  and  has  been  generally  overlooked  by  entomologists,  we  may 
dwell  at  some  length  on  its  structure  in  different  orders. 

Reaumur  was,  so  far  as  we  have  been  able  to  ascertain,  the  first 
author  to  describe  and  figure  the  epipharynx,  which  he  observed  in 
the  honey  bee  and  bumble  bee,  and  called  la  langxie,  remarking  that  it 
closes  the  opening  into  the  oesophagus,  and  that  it  is  applied  against 
the  palate.  According  to  Kirby  and  Spence,  De  Geer  described  the 
epipharynx  of  the  wasp ;  and  Latreille  referred  to  it,  calling  it  the 
sons  labre. 

The  name  epipharynx  was  bestowed  upon  this  organ  by  Savigny, 
who  thus  speaks  of  that  of  the  bees  :  "  Ce  pharynx  est,  k  la  verite, 
non  seulement  cach^  par  la  l^vre  superieure,  mais  encore  exactement 
reconvert  par  un  organe  particulier  que  Reaumur  a  dej^  decrit. 
C'est  une  sorte  d'appendice  membraneux  qui  est  re^u  entre  les  deux 
branches  des  m§<?.hoires.  Cette  partie  ayant  pour  base  le  bord 
sup^rieur  du  pharynx,  pent  prendre  le  nom  H'^pipharynx  ou  d'e/)/- 
gloHse^ 
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He  also  describes  that  of  Uiptera.  What  Walter  has  lately 
proved  to  be  the  epipharj'nx  of  Lepidoptera  was  regarded  by  Sav- 
igny  and  all  subsequent  writers  as  the  labrum. 

The  latest  account  of  the  function  of  this  organ  is  that  by  Chesh- 
ire, who  states  that  the  tube  made  by  the  maxilla  and  labial  palpi 
cannot  act  as  a  suction  pipe,  because  it  is  open  above.  "  This  opening 
is  closed  by  the  front  extension  of  the  epipharynx,  which  closes  down 
to  the  maxillse,  littiiig  exactly  into  the  space  they  leave  uncovered, 
and  thus  the  tiibe  is  completed  from  their  termination  to  the 
cesophagus." 

It  is  singidar  that  this  organ  is  not  mentioned  in  Burmeister's 
Manual  of  entomology,  in  Lacordaire's  Introduction  a  Tentomologie, 
or  by  Newport  in  his  admirable  article 
Insecta  in  Todd's  Cyclopedia  of  anat^ 
omy.     Neither  has  kJtraus-Durckbeiui 
referred  to  or 
figured    it    in 
his  great  work 
on  the   anato- 
my  of   Melol- 
oiitha  vulgaris. 
In  their  ex- 
cellent    work 
on    the    cock- 

roach,        Miall       amaeiu   •ulStrraitH*.  cnvY 
lera  .inviuUmi, :  cl.  dj'peiix:  Ibr  t.       and  Pcniiy 

lii>riim4nt]»luiTyii]r :  f  cMAnwcuiis,  bnth         >    .      j.i_    ..    <<'ni  '    i  i. '   i    ■ 

OD  the  ri'vpHii  ud  on  ibt  ubni  ngic.ni.  State  that  "  1  he  cptpliarynx,  which  is 
a  prominent  part  in  ('oleoptera  and 
Diptera,  is  not  recognizable  in  Orthoptera"  (p.  45).  We  have,  how- 
ever, found  it  to  be  always  present  in  this  order  (Figs.  26,  27). 

We  are  not  aware  that  any  modern  writei-s  have  described  or 
referred  to  the  epipharynx  of  the  mandibiilate  ovdei-s  of  insects. 
Although  Dr.  tl.  Joseph  S)>eak8  of  finding  taste-organs  on  the 
palate  of  almost  every  order  of  insects,  es]>e<'ially  plant-feeding 
forms,  we  are  unable  to  find  any  specific  references,  his  detailed 
observations  being  apparently  unpublished. 

The  epipharnyx  is  so  intimately  associated  with  the  elongated 
labium  of  certain  Diptera,  that,  with  Dr.  Dimmcwk,  we  may  refer  to 
the  doTible  organ  as  the  labruni-e]»i]>harynx ;  and  where,  as  in  the 
lepidopterous  Mieropteriix  upmipurjiurflla,  described  and  figured  by 
Walter,  and  the  I'anorpidie  (Panorpa  and  Iloreiis).  the  labiiim  seems 
pieced  out  with  a  thin,  pale  membranous  fold  whicli  appears  to  be 
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an  extension  of  the  epi pharynx,  building  up  the  dorsal  end  of  the 
labrum,  this  term  is  a  convenient  one  to  use. 

In  the  lower  orders  of  truly  mandibulate  insects,  from  the  Thysan- 
ura  to  the  Coleoptera,  excluding  those  which  suck  in  liquid  food, 
such  as  the  Diptera,  Lepidoptera,  and  Hymenoptera,  and  the 
Mecoptera  (Panorpidae.)  with  their  elongated  head  and  feeble,  small 
mandibles,  the  epii)harynx  forms  a  simple  membranous  palatal  lin- 
ing of  the  clypeus  and  labrum.  In  such  insects  there  is  no  soft  pro- 
jecting or  pendant  portion,  fitted  to  close  the  throat  or  to  complete 
a  partially  tubular  arrangement  of  the  first  and  second  maxillae. 

In  all  the  mandibulate  insects,  then,  the  epipharynx  forms  simply 
the  under  surface  or  pharyngeal  lining  of  the  clypeus  and  labrum, 
the  surface  being  uniformly  moderately  convex,  and  corresponding 
in  extent  to  that  of  the  clypeus  and  labrum,  posteriorly  merging  into 
the  palatal  wall  of  the  pharynx ;  the  armature  of  peculiar  gathering- 
hairs  sometimes  spreading  over  its  base,  being  continuous  with  those 
lining  the  mouth  and  beginning  of  the  oesophagus.  The  suture 
separating  the  labrum  from  the  clypeus  does  not  involve  the  epi- 
pharynx, though  since  certain  gustatory  fields  lie  under  the  front 
edge  of  the  clypeus,  as  well  as  labrum,  one  may  in  describing  them 
refer  to  certain  fields  or  groups  of  cups  or  pits  as  occupying  a  labral 
or  clypeal  region  or  position. 

The  lack  of  traces  of  a  suture  in  the  epipharynx  corresponding  to 
the  labral  suture  above,  suggests  that  the  labrum  does  not  represent 
a  pair  of  coalesced  appendages,  and  that  it,  with  the  clypeus,  simply 
forms  the  solid  cuticular  roof  of  the  mouth. 

The  only  soft  structures  seen  between  the  epipharynx  and  labrum, 
besides  the  nerves  of  special  sense,  are  the  elevator  muscles  of  the 
labrum,  and  two  tracheae,  one  on  each  side. 

The  structure  and  armature  of  the  epipharyngeal  surface  even 
besides  the  taste-pits,  taste-cups  and  rods,  is  very  varied,  the  setae 
assuming  very  different  shapes.  There  seem  to  be  two  primary 
forms  of  setae,  (1)  the  normal  forms  which  arise  from  a  definite  cell ; 
and  (2)  soft,  flattened,  often  hooked  hairs  which  are  cylindrical 
towards  the  end,  but  arise  from  a  broad  triangular  base,  without 
any  cell-wall.  These  are  like  the  "gathering  hairs"  of  ("heshire, 
situated  on  the  bees'  and  wasps'  tongue ;  they  also  line  the  walls  of 
the  pharynx  and  extend  toward  the  oesophagus.  They  are  also 
similar  to  the  "  hooked  hairs "  of  Will.  The  first  kind,  or  normal 
setae,  are  either  simply  defensive,  often  guarding  the  sense-cups  or 
sensory  fields  on  which  the  sense-cups  are  situated,  or  they  have  a 
nerve  extending  to  them  and  are  simply  tactile  in  function. 
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The  surface  of  the  epipharynx,  then,  appears  to  be  highly  sensi- 
tive, and  to  afford  the  principal  seat  of  the  gustatory  organs,  which 
are  described  under  the  head  of  organs  of  taste. 
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Attachment  of  the  head  to  the  trunk.  —  The  head  is  either  firmly 
supported  by  the  broad  i)rothoracio  sef:r»»^i^t  in  Orthoptera,  many 
l^eetles,  etc.,  into  which  it  is  more  or  less  retracted,  or  it  is  free  and 
attached  by  a  slender  neck,  easily  turning  on  the  trunk,  as  in  dragon- 
flies,  flies,  etc.  In  some  insects  there  are  several  chitinous  plates, 
situated  on  an  island  in  the  membrane  on  the  under  side  of  the  neck ; 
these  are  the  *^  cervical  sclerites  "  of  Sharp,  occurring  "  in  Hymen- 
optera,  in  many  ('oleoptera,  and  in  Blattida\*' 

The  basal  or  gular  region  of  the  head.  —  At  the  hinder  part  of  the 
head  is  the  opening  (occii)ital  foramen)  into  the  trunk.  The  cheek 
(gena)  is  the  side  of  the  head,  and  to  its  inner  wall  is  attached  the 
mandibular  mufcle ;  it  thus  forms  the  region  behind  the  eye'^nd 
over  the  base  of  the  mandibles.  In  the  Termitidie,  where  the  head 
is  broad  and  flat,  it  forms  a  distinct  piece  on  the  under  side  of  the 
head  bounding  the  gulo-mental  region  (Fig.  28).  In  the  Neuroptera 
(('orydalus.  Fig.  29,  and  Mantispa,  Fig.  30)  it  is  less  definitely  out- 
lined. 


* 


).  — HMdofror^n(u»(»>fiiM(iHi,  j: 

J.  elu.  flypsm  inlarlor ;  p.  fig.  ciyjH-us  jmstcrli 
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All  the  gulo-mental  region  of  the  head  appears  to  represent  the 
base  of  the  second  maxillae,  send  the  question  hence  arises  whether 

the  submentum  is  not  the  homologue 
of  the  cardines  of  the  first  maxillae 
fused,  and  the  mentum  that  of  the 
stipites  of  the  latter  also  fused  to- 
gether. If  this  should  prove  to  be 
the  case,  the  homologies  between  the 
two  pairs  of  maxillae  will  be  still 
closer  than  before  supposed.  Where 
the  gula  is  differentiated,  this  repre- 
sents the  basal  piece  of  the  second 
maxillae.  In  Figs.  28,  29,  30,  and  31, 
these  three  pieces  are  clearly  shown 
to  belong  to  the  second  maxillary  seg- 
ment. It  is  evident  that  these  pieces 
or  sclerites  belong  to  the  second 
TiG.^.-\i^ofTermop.uangmtu  maxillary  or  labial  segment  of  the 
a^^'".X\rS,e^tr^^!t^^^^^^^^^  l^^ad,  as  does  the  occiput,  which  may 
labr,  under  side  of  the  labrurn ;  a-,  hypo-  represent  the  tergo-plcural  portiou  of 

pharyngeal  chitinous  support.  "  o     r  r 

the  segment.     Miall  and  Denny  also 

regarded  the   submentum  as  the   basal 

piece  of  the  second  maxillae. 

The  occiput  (Fig.  29,  B,  C),  as  stated  be- 
yond, is  very 
rarely  pres- 
ent as  a  sepa- 
rate piece; 
in  the  adult 
insect  we 
have  only  ob 

served    it    in  FiG.80.-TIeadof.V</«f/*/>rW/r?/w- 

C*  r^^-trA  .^y-,^  c      w^/i,  under  side :  <•,  eve  ;  other  lotter- 

i^  0  r  y  a  a  1  u  s.   i„g  as  in  Fig.  29. 
The  occipital 

region  may  be  designated  as  that  part 
of  the.head  adjoining  and  containing  the 
occipital  foramen.  Newport  considers 
the  occiput  as  that  portion  of  the  base 
of  the  head  "  which  is  articulated  with 
the  anterior  margin  of  the  prothorax.  It 
Fio.  81.  -  iie«i  of  Limn^nhiiuM  is  perforated  by  a  large  foramen,  through 
';::'!J:;;:^^:'X^^^:'''''''^'   ^^^^^h  the  organs  of  the  head  are  con- 
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nected  witli  those  of  the  trunk.  It  is  very  distinct  in  Hj-ilroils 
and  most  Coleoptera,  and  in  some,  the  Htaphylinidie,  Carabidse,  and 
Sitpliidx  is  consti'iL'ted  and  extended  backwards  so  as  to  form  a  com- 
plete neck."     (See  also  p.  51.)  -^ 

The  tentorium.  —  Tlie  walls  of 
the  liead  are  snpported  or  braced 
within  by  two  beams  or  endostern- 
ites  passing  inwards,  and  forming 
a  solid  chitiiions  process  or  loop 
which  extends  in  the  cockroach 
downwards  and  forwards  from 
the  lower  edge  of  the  occipital 
foramen.  "  In  front  it  gives  off 
two  long  crura  or  props,  which 
pass  to  the  ginglymus,  and  are 
retlectfd  thence  upon  the  inner 
surface  of  the  clypeiis,  ascending 
as  high  as  the  antennary  socket, 
round  which  tliey  form  a  kind  of 
rim."  (.Miall  and  Denny.)  The 
oisuphagiis  passes  upwards  be- 
tween its  anterior  crura,  the  long 
flexor  of  tlie  mandible  lies  ou 
eacli  side  of  the  central  plate; 
the  supraiBSophageal  ganglion 
rests  on  the  plate  above,  and  the 
subtesophageal  ganglion  lies  be- 
low it,  the  uerve  cords   which 


iIviioranA  npmr  iiid  niular 


bcf  of  ihe  bml  of  Hudnii-  /ihrtit :  a,  ffyf" : 
t.  labniin ;  g,  dimIw  ;  *.  ll>  iialiniii ;  V.  bbhim ; 
i-.  Iililil  imIiius  :  p,  tutan  e|iimuin ;  g,  nilylukl 


;'rtei£, , 


unite  the  two  passing  throtiKh 
the  circnlar  aperture.  (Miall  and 
Denny.)  In  ('oleopter.i  (Hy- 
I  droits)  it  iirotects  the  nervous 
cord  which  (wsses  under  it. 
_  (Newport.  Fig.  ^12,  «.) 

r.a.ia.-Po,i8rtorTiewrfi.«dofAi..b™.:        In  Analims  the  tentorium  is  V- 
(. teDinriiiro.  .hiuiti'iei.  shaped,  the  two  arms  originating 

on  each  side  of  the  base  of  the  clypeiis  next  to  the  base  of  each  mandi- 
ble (the  origin  being  indicated  by  two  small  foramina  partly  concealed 
externally  and  pas.sing  inwards  and  l)ackward3  and  uniting  just  before 
reaching  the  posterior  eilge  of  the  large  occipital  foramen  (Fig.  33), 
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Palm^n  regards  the  tentorium  as  representing  a  pair  of  tracheae  (with  the 
cephalic  spii*acle8)  which  have  become  modified  for  supports  or  for  muscular 
attachment,  since  lie  finds  that  in  Ephemera  the  tentorium  breaks  across  the 
middle  during  exuviation,  each  half  being  drawn  out  of  the  head  like  the  chiti- 
nous  lining  of  a  tracheal  tube.  This  view  Is  supported  by  Wheeler,  who  has 
shown  that  the  tentorium  of  Doryphora  originates  from  five  pairs  of  invagina- 
tions of  the  longitudinal  commissures,  and  which  are  anterior  to  those  of  the 
second  maxillary  segment.  **  These  invaginations  grow  inwards  as  slender 
tubes,  which  anastomose  in  some  places.  Their  lumina  are  ultimately  filled 
with  chitin."     (Jour.  Morph.,  iii,  p.  368.) 

This  view  has  also  been  held  by  Carri^re  and  Cholodkowsky,  but  Heymons 
concludes  from  his  embryological  studies  on  Forficula  and  Blattidse  (1895)  that 
it  is  unfounded.  That  this  is  probably  the  case  is  proved  by  the  fact  that  the 
apodemes  of  the  thoracic  region  ai-e  evidently  not  modified  tracheae,  since  the 
stigmata  and  tracheae  are  present. 


Number  of  segments  in  the  head.  —  While  it  is  taken  for  granted 
by  many  entomologists  that  the  head  of  insects  represents  a  single 
segment,  despite  the  circumstance  that  it  bears  four  pairs  of  appen- 
dages, the  more  careful,  philosophical  observers  have  recognized  the 
fact  that  it  is  composed  of  more  than  a  single  segment.  Burmeister 
recognized  only  two  segments  in  the  head ;  Cams  and  Audouin  recog- 
nized three  ;  Macleay  and  Xewman  four ;  Straus-Durckheim  even  so 
many  as  seven.  Huxley  supposed  that  there  are  five  segments  bear- 
ing appendages,  remarking,  "  if  the  eyes  be  taken  to  represent  the 
appendages  of  another  somite,  the  insect  head  will  contain  six 
somites."     (Manual  of  Anat.  Invert.  Animals,  p.  398.) 

These  discordant  views  were  based  on  the  examination  of  the  head 
in  adult  insects ;  but  if  we  confine  ourselves  to  the  imago  alone,  it  is 
impossible  to  arrive  at  a  solution  of  the  problem. 

Xewport  took  a  step  in  the  right  direction  when  he  wrote :  "  It 
is  only  by  comparing  the  distinctly  indicated  parts  of  the  head  in 
the  perfect  insect  with  similar  ones  in  the  larva  that  we  can  hope  to 
ascertain  the  exact  number  of  segments  of  which  it  is  composed." 
He  then  states  that  in  the  head  of  Ili/drous  2iiceH8  are  the  remains 
of  four  segments,  though  still  in  the  next  paragraph,  when  speaking 
of  the  head  as  a  whole,  he  considers  it  as  the  first  segment,  "  while," 
he  adds,  "  the  aggregation  of  segments  of  which  it  is  composed  we 
shall  designate  individually  subsegmenttt.^^ 

That  the  head  of  insects  is  composed  of  four  segments  was  shown 
on  embryological  grounds  by  the  writer  (1871)  and  afterwards  by 
Graber  (1879).  The  antennae  and  mouth-parts  are  outgrowths  bud- 
ding out  from  the  four  primitive  segments  of  the  head ;  the  antenna? 
grow  out  from  the  under  side  of  the  procephalic  lobes,  and  these 
should  therefore  receive  the  name  of  antennal  lobes.    In  like  manner 
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the  mandibles  and  first  and  second  maxilla  arise  respectively  from 
the  three  succeeding  segments. 

While  the  postoral  segments  and  their  appendages  are  readily 
seen  to  be  foiu-  in  number,  the  question  arises  as  to  whether  the  eyes 
represent  the  appendages  of  one  or  more  preoral  segments.     In  this 
ca.se  embryology  thus  far  has  not  afforded  clear,  indubitable  evi- 
dence.    We  are  therefore  obliged  to  rely  on  the  number  of  neuro- 
mei-es,  or  primitive  ganglia.     In  the  postoral  region  of  the  head, 
as  also  in  the  trunk,  a  pair  of  neuromeres 
correspond  to  each  segment.    (f>ee  also  under 
Nervous   System,  and  under   Embryology.) 
We  therefore  turn  to  the  primitive  number 
of  neuromeres  constituting  the  procephalic 
lobes  or  brain. 

Fi-om  the  researches  of  Patten,  Viallanes, 
and  of  Wheeler,  especially  of  Viallanes,  it 
appears  that  the  brain  or  supi'acesophageal 
ganglion  is  divided  into  three  primitive  seg- 
ments. (See  Nervous  System,  Brain.)  The 
antennae  are  innervated  from  the  middle  divi- 
sion or  deutocerebvum.  Hence  the  ocular 
segment,  i.e.  that  bearing  the  compound  and 
simple  eyes,  is  supposed  to  represent  the  first 
segment  of  the  head.  This,  however,  does 
not  involve  the  conclusion  that  the  eyes  are 
the  homologues  of  the  limbs,  however  it  may 
be  in  the  Crustacea.  f™.  m.— Embrynof  ^na- 

The  second  head-segment  is  the  antennal,    mi't"  ampotu}  mjiviaitgt  at 

.,  .  ,     .  .,         ,.      .  .  1.     .  'be  trtlurirebill  Mmnenl.  th» 

the    antennte    being   the   ftrst   pair   of    true     prtnundibiiiiiriiiiwndim*;  «'. 
jointed  appendages.  nrsimMiiiit':  w^x'coniiniiis- 

The  third   segment  of  the  head  is  very    aWnminBi'  'sSn^iieT;'  "an. 
obscurely  indicated,  and  the  facts  in  proof    "'"-~^""'  ^•'"■'"■ 
of  its  existence  are  scanty  and  need  farther  elucidation. 

Viallanes'  tritoeerebral  lobes  or  division  of  the  brain  is  situated 
in  a  segment  found  by  Wheeler  to  be  intercalated  between  the  an- 
tennal and  mandibular  segments.  He  also  detected  in  Annri<la 
vHiriiima,  the  radiments  of  a  pair  of  appendages,  smaller  than  those 
next  to  it,  and  which  soon  disappear  (Fig.  34,  tc.  up).  He  calls  this 
segment  the  intercalary.'      Heymons  (1895)   designates   it  as   the 

>  We  ma;  add.  while  correcting  the  proofs  of  tliis  booh,  that  the  Important  bhid- 
mary,  by  Uiel,  of  hU  work  on  tlie  embryology  of  Carapodea  appears  in  tlie  Zoolojti- 
•cher  Aaieieer  (ot  .Inly  6,  1897.  He  oltserves  (hat  tlie  premaiiiiihuiar  seKment  in  the 
embryo  la  very  diatioct,  and  that  tbe  two  projeutiouB  arising  frum  It  persist  ia  the 
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"  Vorkieferseginent,"  and  it  may  thus  be  termed  the  premaudibular 
segment. 

As  early  as  1870  liUtschli  observed  ia  the  embryo  of  the  honey 

bee  the  rudiments  .of  what  appeared  to  be  a  pair  of  apjteiidages 

between  the  antenuse  and  mandibles,  but,  judging  by  his  figures, 

nearer  to  and  more  like  the  mandibles  than  the  rudimentary  an- 

ji,  B  tennaj  (Fig.  35) ;  they 

seemed   to  him   "al- 

t      most  like   a  pair  of 

inner  antennte." 

"  I  find,"  he  says, 
"in  no  other  insects 
any  indication  of  this 
peculiar     appendage, 
which  at  the  time  of 
Fia.85.— iiendof^mboonfhoneybM:  fi.niiitieiiiureuire    its  greatest  develop- 
lenu : 'ni^','^*ii»'iiiVibi^:  ii,>r.  flmt  luuLui;  i.i.^'.  iUwnd'  ni'Uiuii;    ment  attains  a  larger 
•p,  >|i  imc  f.  —     a      "c    .  gj^  than  the  antennse, 

and  which,  afterwards  becoming  less  distinct,  forms  by  fusion  with 
that  on  the  other  side  a  sort  of  larval  lower  lip.  That  this  append- 
age does  not  belong  to  the  category  of  segmental  appendages  is 
indicated  by  the  site  of  its  origin  on  the  upjjer  side  of  the  primitive 
band."     (Zeitschr.  wissen.  Zool.,  xx,  p.  o38.) 

Gra.'^si  has  also  observed  it  in  Apis,  and  regards  it  as  the  germ 
of  a  first,  but  deciduous,  pair  of  jaws.  In  the  embryo  of  Hylotoma 
Graber  (Figs.  134,  135)  found  what  he  calls  three  paira  of  "prean- 
tennal  projections,"  one  of  which  he  thinks  corresponds  to  the  "  inner 
antenna  "  of  BUtschli.    This  subject  needs  further  investigation. 

It  thus  appears  that  the  procephalic  lobes  of  the  embryo  of  in- 
sects, with  the  rudiments  of  the  an tennfe,  constitute  the  primitive 
head,  and  perhaps  correspond  to  the  annelidan  head,  while  gradu- 
ally the  antennal  appendages  were  in  the  phylogenetic  development 
of  the  class  fused  with  the  two  segments  of  the  jirimary  head.  That 
the  second  maxillary  segment,  the  occiput,  was  the  last  to  be  added, 
and  at  first  somewhat  corresponded  in  position  to  the  poi.son-fangs 

adult.  "  Campodea  in  now  the  flrst  example  where  these  append asea  are  present  In 
the  sexually  mature  insect  and  fuucliiin  as  eunHlhueiita  uf  [lie  cronipleted  moulli 
parts.  I  proiHise  for  tliese  hitlierin  overlooked  strnetures  llie  name  uf  interiitlary 
liiliea."  They  each  form  a  sliKhtly  developed  chitlnons  lube  coverlnjt  a  gap  between 
ttie  base  ot  the  labium  and  the  fused  external  lo1>e  and  pal|ms  ut  the  first  maxlIlK 
(which  are  Inclined  near  the  labium)  in  place  o(  tiie  mandibles  whieh  have  aunlcen 
inwaril.  Uzel  also  homulnKizes  these  appendages  with  two  similar  projertinaa 
(H'K'ker)  iibnerved  in  the  einbrjo  of  (ieophiliis  hy  ZoKraf  to  be  sitiiateil  in  fruiit 
□f  the  mandibles.    Heymnns  lias  also  detected  this  segment  in  the  embryo  uf  Leplama. 
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of  centipedes  (Chilopods),  is  sliowii  by  our  observations  on  the-  em- 
bryology of  .Eselma  (Fig.  30). 

The  mandibular  segment  appears  to  form  a  large  jtart  of  the  post- 
antennal  region  of  the  epicraniuni  on  account  of  the  great  mandibu- 
lar muscle  which  arises  from  so  large  an  area  of 
the  anterior  region  of  the  head  {Fig.  37).  , 

Judging  from  the  embryo  of  Nematus  (Fig.  37),  s 
the  first  maxillary  segment  is  tergally  aborted,  there  s 
being  no  tergo-pleuval  portion  left.'  J 

The  second  maxillary  segment  tergally  appears 
to  be  represented  by  the  occipital  region  of  the 
head. 

All  the  giilar  region,  including  the  suhmentum  t 

and  mentuni,  probably  i-epresents  the  base  of  the 
labium  or  second  maxillffi.'     The  so-called  "occi- 
put" forms  the   base  of  the 
head  of  Corydalus,  a  neiirop- 
terous  insect,  which,  however, 
,   is  more  distinct  in  the  larva.        p,^  M_.«,iihn» 
In  most  other  adidt  insects  the    J'"JS„^}L'"„.'"''' jj 
occiput   is   either   obsolete   or   ■"''  f  '^:,  wwip""!  w- 
fused  with  the  hinder  part  of 
the  epicranium.    We  have  traced  the  history  of 
fbj  hi  —Haul  of  om-    ''''^  picce  (sclcrite)  in  the  embiyo  of  ^sclma, 
("jH;"  Ij^""""'   ',*'.""ol^'    "■  dragon-fly,  and  have  found  that  it  represents 
J^init  'ha  wTipu'i;  <■''■     the  tergal  portion  of  the  sixth  or  Inbial  seg- 
iiiiidiWe :  ftt.iw,  muwinit    mpnt.     In  our  memoir  on  the  develojiment  of 
irtmiSi  rnuini  (inWum};     this  dragon-fiy,  PI.  2,  Fig.  9,  the  head  of  the 
embryo  is  seen  to  l>e  divided  into  two  regions, 
the  anterior,  formed  of  the  antennal,  mandibular,  and  first  maxillary 
segments,  and  the  posterior,  formed  of  the  sixth  or  labial  segment. 

'  While  these  pages  nre  still  in  type,  we  may  add,  in  conttrmation  of  this  view,  that 
Uzel  staten.  from  his  researches  ou  the  eiubryolugy  of  Campodea,  that  the  maiillatr 
tergites  of  the  embryo  only  sliRlitly  share  in  building  up  the  tergal  regiun  (occiput) 
of  the  heail.  bul  Ihat  they  form  the  geoie  of  the  maxillary  scKments,  |Zi>ul.  Anzeitter. 
July  5,  IWiV,  p,  236.) 

^  Mi  all  and  Denny  in  their  work  on  the  cocknwich,  in  descrililnK  Hie  labium,  remark; 
"  The  upper  eilge  is  applieil  to  ihe  occipital  frame,  but  is  neither  continuous  with  lliat 
structure  nor  artloolated  thereto.  By  Btrlppiiig  off  the  tabiuni  upwards  it  may  l>e 
Keen  that  It  U  really  continuous  with  the  cbitinoua  Integument  of  the  ueck"  (p.  95), 
Tbis  Is,  we  think,  a  mistaken  view,  aa  proved  by  thp  embryology  ii(  the  Odonata  anil 
of  Xematus.  Our  etatemenls  on  this  subject  were  lirst  published  In  part  in  IHVl,  and 
more  fully  In  the  third  Report,  U.  S.  Ent.  Commission,  IHHK,  pp.  2m.  3KS.  We  also 
stated  that  all  the  gular  region  at  the  head  probably  represeuts  the  base  of  the  prlrai- 
tlTe  sefond  maxillae. 
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This  postoral  segment  at  first  appears  to  be  one  of  the  thora(ric 
segments,  but  is  afterwards  added  to  the  head,  though  not  until 
after  birth,  as  it  is  still  separate  in  the  freshly  hatched  nymph 
(Fig.  4 ;  see  also  Kolbe,  p.  132,  Fig.  59,  sq,  5).  A.  Brandt's  figure 
of  Calopteryx  virgo  (PI.  2,  Fig.  19)  represents  an  embryo  of  a  stage 
similar  to  ours,  iji  which  the  postoral  or  sixth  (labial)  segment  is 
quite  separate  from  the  rest  of  the  head.  The  accompanying  figure, 
copied  from  our  memoir,  also  shows  in  a  saw-fly  larva  (Nematus 
veHtricosits)  the  relations  of  the  labial  or  sixth  segment  to  the  rest 
of  the  head.  The  suture  between  the  labial  segment  and  the  preoral 
l)art  of  the  head  disappears  in  adult  life.  From  this  sketch  it 
would  seem  that  the  back  part  of  the  head,  i.e.  of  the  epicranium, 
may  be  made  up  in  part  of  the  tergite  or  pleurites  of  the  mandibular 
segment,  since  the  mandibular  muscles  are  inserted  on  the  roof  of 
the  head  behind  the  eyes.  It  is  this  labial  segment  which  in  Cory- 
dalus  evidently  forms  the  occiput,  and  of  whicli  in  most  other  insects 
there  is  no  trace  in  larval  or  adult  life,  unless  we  except  certain 
Orthoptera  (Locusta),  and  the  larva  of  the  Dyticidae. 

The  following  table  is  designed  to  show  the  number  and  succession 
of  the  segments  of  the  head,  with  their  respective  segments. 

Tabular  View  of  the  Segments,  Pieces  (Sclerites),  and 

Appendages  of  the  Head 


£3                              1      Pieces  or  Rrrionr  op  tiik     i 

N 

AMK  OP  MU^MENT 

.- 

APPEN'DAGKS,    RTc  . 

HRAD-CAP8ULR 

1. 

Ocellar  (Protocere- 

Epicranium,  anterior  re- 

Compound and  simple 

.5^  a  J 

bral). 

gion  with  the  clypeus, 

eyes  (Ocelli). 

labrum,    and   epiphar- 

■SJI 

i    ynx. 

Of 

2. 

Antennal    (Deuto- 
cerebral). 

Epicranium,includingthe 
antennal  sockets. 

Antennae. 

3. 

Premandibular,  or    Wanting   in   postembry-    Premandibular  append- 

in  tercalary  (Tri- 

onic    life,     except    in       ages  (in  Campodea). 

m 

tocerebral). 

Campodea. 

•s>. 

4. 

Mandibular. 

Epicranium,  behind  the 

Mandibles. 

SS 

antennae,  gense. 

5. 

Ist  Maxillary. 

Epicranium,  hinder  edge?  1 1st  Maxillae. 

•^1 

Tentorium. 

^ 

6. 

2d    Maxillary,    or 
labial. 

Occiput. 

2d  Maxillae  or  Labium. 
Post-gula,  gula,  sub- 
mentum,  men  turn,  hy- 
popharynx     (lingua, 
ligula),     paraglossas 

^ 

spinneret. 
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The  composition  of  the  head  in  the  H3nnenoptera.  —  Hatzeburg  stated 
in  18^32  that  the  heacl  in  the  adult  Hymenoptera  (Cynips,  Hemiteles, 
and  Formica)  does  not  correspond  to  that  of  the  larva,  but  is  derived 
from  the  head  and  the  first  thoracic  segment  of  the  larva.  West- 
wooil  and  also  Goureau  made  less  complete  but  similar  observations, 
though  Westwood  afterwards  changed  his  opinion,  and  the  same 
view  was,  maintained  by  Reinhard.  Our  own  observations  (as  seen 
in  Fig.  38)  led  us  to  suppose  that  this  was  a  mistaken  view ;  that 
the  larval  head,  being  too  small  to  contain  that  of  the  semipupa,  was 
simply  pushed  forward,  as  in  caterpillars.  Bugnion,  however,  re- 
affirms it  in  such  a  detailed  way  that  we  reproduce  his  account.  He 
maintains    that     the 

views    of    Ratzeburg  a  ^ 

are  exact  and  easy  to 
verify  in  the  chalcid 
genus  Enoyrtus,  ex- 
cept, however,  that 
which  concerns  the 
ventral  part  and  the 
posterior  border  of 
the  prothoracic  seg- 
ment. 

As  the  time  of 
transformation  ap- 
proaches, the  heaui  of 
the  larva,  he  says,  is 
depressed  and  soon 
concealed  under  the 
edge  of  the  protho- 
racic segment;  the  latter  elongates,  becomes  thicker  and  more  con- 
vex, and  within  can  be  seen  the  two  oculocephalic  imaginal  buds. 
The  head  of  the  perfect  insect  is  derived  not  only  from  the  head  of 
the  larva,  but  also  from  the  portion  of  the  prothoracic  segment  which 
is  occupied  by  the  buds,  i.e.  almost  its  entire  dorsolateral  face.  But 
the  hinder  and  ventral  part  of  this  segment  (which  contains  the 
imaginal  buds  of  the  first  pair  of  legs)  takes  no  part  in  the  forma- 
tion of  the  head ;  these  parts,  according  to  Bugnion,  towards  the  end 
of  the  larval  period  detaching  themselves  so  as  to  become  fused  with 
the  thorax  and  constitute  the  pronotum  and  the  prosternum. 


Fig.  8S.  —  Larva  (a)  of  a  ctaalcid,  about  to  pupate,  with  the 
head,  including  the  eyes  and  three  ocelli,  in  the  prothoracic  seg- 
ment :  2>,  c,  pupa. 


This  mode  of  formation  of  the  head  may  be  observed  still  more  easily  in 
Rhodites,  Hemiteles,  and  Microgaster,  from  the  fact  that  their  oculocephalic 


.  Ktleini 


I.  40.  —  AnUriur  put  of  Bnryrtua  lll^rl^  l.tinin.  In  Irninh:  Aonti  lUcr:  lb< 

!lo  Dnto  the  burin  of  lbs  wlnia.  tym,  md  MUnns':  a.  eve  hurt:  r.n  —- 
I.  —  llldfr  Knrfrtllii  Urvi.  MmrA  litw,  nbmrlBR  Uw  bi'irin  nr  the  «i 
:  or,  iPMiphwiiB ;  ^ i.  •/',  f>.  bndi  of  thr  aanlul  ■muturv ;  f,  niillnieiit 
It  iwilsi :  r.  iirliMTv  Kitw ;  I.  Iniri-ilw  Irwiura) :  a.  unun, 
<,  4«.  -  A  Mill  nMrr  lirva.  n'n.ly  In  truni^ftirm.     Tlir  IiomIiihI  hiHl>  .if  Ihf  i 
,llll<llr-Ki.lllni..hiT..ll.i.clunB;»«l;l,U.rlnKK.  Id  Kl«,  41. -Tills  md  >■!«,.  IW-ll 
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buds  are  much  more  precocious,  and  that  the  eyes  are  charged  with  pigment  at 
a  period  when  the  insect  still  preserves  its  larval  form. 

*'...!  believe  that  this  mode  of  formation  of  the  head  occurs  in  all  Hyme- 
noptera  with  apodous  larvie,  in  this  sense  ;  that  a  more  or  less  considerable  part 
of  the  first  thoracic  segment  is  always  soldered  to  the  head  of  the  larva  to  con- 
stitute the  head  of  the  perfect  insect.  The  arrangement  of  the  nervous  system 
is  naturally  in  accord  with  this  peculiarity  of  development,  and  the  cephalic 
ganglia  of  the  larva  to  which  the  ocular  blastems  later  adapt  themselves,  are 
found  not  in  the  head,  but  in  the  succeeding  segment  (Figs.  89,  40,  41). 

**  Relying  on  these  facts,  I  maintain  that  the  encroachment  of  the  head  on 
the  prothorax  is  a  consecjuence  of  the  preponderance  in  size  of  the  brain,  and 
indicates  the  superiority  of  the  Hymenoptera  over  other  insects.  ..." 

That  the  pronotum  is  derived  from  the  larval  prothoracic  segment  is  proved, 
by  the  fact  that  the  first  pair  of  stigmata  becomes  what  authors  call  the  ''  pro- 
thoracic  "  stigmata  of  the  perfect  insect.     But  Bugnion  thinks  that  the  projec- 
tion which  carries  it,  and  which  he  calls  the  shoulder  (Figs.  41  and  42),  belongs 
to  the  mesonotum. 


h.  Appendages  of  the  bead 

The  antennae. — These  are  organs  of  tactile  sense,  but  also  bear 
olfactory,  and  in  some  cases  auditory  organs ;  they  are  usually  in- 
serted between  or  in  front  of  the  eyes,  and  moved  by  two  small 
muscles  at  the  base,  within  the  head.  In  the  more  generalized 
insects  the  antennae  are  simple,  many-jointed  appendages,  the  joints 
being  ecjual  in  size  and  shape.  The  antennae  articulate  with  the 
head  by  a  ball  and  socket  joint,  the  part  on  which  it  moves  being 
called  the  tornlns  (Fig.  32,  r).  In  the  more  specialized  forms  it  is 
divided  into  the  scape ^  the  |>f(//rf/,  and  2^  fliujellum  (or  clavola)-,  but 
usually,  as  in  ants,  wasps,  and  bees,  there  are  two  parts,  the  basal 
three-jointed  one  being  the  scai>e,  and  the  distal  one,  the  usually  long 
filiform  flagellum.  The  antennae,  especially  the  fiagellum,  vary 
greatly  in  form  in  insects  of  different  families  and  orders,  this  varia- 
tion being  the  result  of  adaptation  to  their  peculiar  surroundings  and 
habits.  The  number  of  antennal  joints  may  be  one  (Articerus,  a 
clavigerid  beetle),  or  two  in  Taussus  and  in  Adranes  aecuit  (Fig.  4.*V*), 
where  they  are  short  and  club-shaped ;  in  flies  (Muscidae,  etc.),  they 
are  very  short  and  with  few  joints,  and  when  at  rest  lying  in  a  cavity 
adapted  for  their  reception.  In  the  lamellicorn  beetles  the  flagellum 
is  divided  into  several  leaves,  and  this  condition  may  be  approached 
in  the  serrate  or  flabellicorn  antennae  of  other  beetles.  In  Lepi- 
doptera,  and  in  cei-tain  saw-flies  and  beetles,  they  are  either  pecti- 
nate or  bipectinate,  being  in  one  case  at  least,  that  of  the  Australian 
Hepialid  (Abanticules  argentens),  tripectinate  (Fig.  44),  and  in  the 
di]>terous  (Tachinid)  genus  Talarocera  the  third  joint  is  bipectinate 
(Fig.  45).     In  Xenos  and  in  Parnus  they  may  be  deeply  forked. 
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while  in  Otiocenis,  two  long  processes  arise  from  the  base,  giving  It 
a  trifid  shape.  In  diagon-flles  and  cicadse,  thej  are  minute  and 
hair-like,  though  jointed,  while  in  the  lar\se  of  many  metabolous 


insects   they  are   reduced   to   minute  tbree-jointed  tubercles.     In 
aquatic  beetles,  bugs,  etc.,  the  antennse  are  short,  and  often,  when 
at  rest,   bent  close  to  the  body,  as  long  anteinite  would  impede 
their  progress. 

While  usually  more  or  less  sensorial  in  function, 
(.rraber  states  that  the  loiigicorn  beetles  in  walking 
along  a  slender  twig  use  their  antennae  as  a  rope- 
dancer  does  his  balancing  pole. 

Recent  examination  of  the  sense-organs  in  the 
antennie  of  an  ant, 
wasp,  or  bee  enables 
us,  he  says,  to  realize 
what  wonderful  or- 
gans the  antenna;  are. 
■In  such  insects  we 
have  a  rod-like  tube 
which  can  be  folded 
up  or  extended   out 

Via.  44.  —  Tripcc-     .  ',  >    .     -  t,,.  in  _  t,.i,nn,.  ..r  T,./,.rft...™  ..( 

ti™w  sBteninc.t  nil  into  space,  containing   „„,,'„,;    j     \I1„S-iih.,"„    ' 

AuilnUinmoth.  .u         \.  1  llW/.-«-,...  rf-- Afl»r  WIlMeton. 

the   antennal    nerve, 
which  arises  directly  from  the  brain  and  sends  a  branch  t«  each  of 
the  thousands  of  olfa<rtory  ])its  or  jiegs  which  stud  its  surface.     The 
antenna  is  thus  a  wonderfully  complex  organ,  and  the  insect  must 
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be  far  more  sensitive  to  movements  of  the  air,  to  odors,  wave-sounds, 
and  light-waves,  than  any  of  the  vertebrate  animals. 

That  ants  appear  to  communicate  with  each  other,  apparently 
talking  with  their  antennae,  shows  the  highly  sensitive  nature  of 
these  appendages.  "  The  honey-bee  when  constructing  its  cells  as- 
certains their  proper  direction  and  size  by  means  of  the  extremities 
of  these  organs."     (Newport.)  v 

How  dependent  insects  are  upon  their  antennae  is  seen  when  we 
cut  them  off.  The  insect  is  at  once  seriously  affected,  its  central 
nervous  system  receiving  a  great  shock,  while  it  gives  no  such  sign 
of  distress  and  loss  of  mental  power  when  we  remove  the  palpi  or 
legs.  On  depriving  a  bee  of  its  antennae,  it  falls  helpless  and  par- 
tially paralyzed  to  the  earth,  is  unable  at  first  to  walk,  but  on  partly 
recovering  the  use  of  its  limbs,  it  still  has  lost  the  power  of  coordi- 
nating its  movements,  nor  can  it  sting ;  in  a  few  minutes,  however,  it 
becomes  able  to  feebly  walk  a  few  steps,  but  it  remains  over  an  hour 
nearly  motionless.  Other  insects  after  similar  treatment  are  not  so 
deeply  affected,  though  bees,  wasps,  ants,  moths,  certain  beetles,  and 
dragon-flies  are  at  first  more  or  less  stunned  and  confused. 

The  antennae  afford  salient  secondary  sexual  differences,  as  seen 
in  the  broadly  pectinated  antennae  of  male  bombycine  moths,  certain 
saw-flies  (Lophyrus),  and  many  other  insects. 

The  mouth-parts,  buccal  appendages,  or  trophi,  comprise,  besides 
the  labrum,  the  mandibles  and  maxillae. 

The  mandibles.  —  These  are  true  jaws,  adapted  for  cutting,  tearing, 
or  crushing  the  food,  or  for  defence,  while  in  the  bees  they  are  used 
as  tools  for  modelling  in  wax,  and  in  Cetonia,  etc.,  as  a  brush  for 
collecting  pollen.  They  are  usually  opposed  to  each  other  at  the 
tips,  but  in  many  carnivorous  forms  their  tips  cross  each  other  like 
shears.  They  are  situated  below  the  clypeus  on  each  side,  and  are 
hinged  to  the  head  by  a  true  ginglymus  articulation,  consisting  of 
two  condyles  or  tubercles  to  which  muscles  are  attached,  the  prin- 
cipal ones  being  the  flexor  and  great  extensor  (Fig.  48).  They  are 
solid,  chitinous,  of  varied  shapes,  and  in  the  form  of  the  teeth  those 
of  the  same  pair  differ  somewhat  from  each  other  (Fig.  46  A).  In 
the  pollen-eating  beetles  (Cetoniae)  and  in  the  dung-beetles  (Aphodius, 
etc.)  the  edge  is  soft  and  flexible.  In  the  males  of  Lucanus,  etc. 
(Fig.  47),  and  of  Corydalus  (Fig.  29),  they  are  of  colossal  size,  and 
are  large  and  sabre-shaped  in  the  larvae  of  water-beetles,  ant-lions, 
Chrysopa,  etc.  where  they  are  perforated  at  the  tips,  through  which 
the  blood  of  their  prey  is  sucked. 

While  the  mandibles  are  generally  regarded  as   composed   of  a 
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single  piece,  in  Campodea  and  Machilia  there  appears  to  be   an 
additional  basal  piece  apparently  corresponding  to  the  stipes  of  the 


first  maxilla,  and  separated  by  a  faint  suture  from  the  molar  or 
distal  Joint.  In  Campcnlea,  tliei-e  is  a  niiniite  movable  api>endage 
figured  both  by  Meiiiert  and  by  >'assi>now, 
whii'b  apjiears  to  ri'present  the  lacinia  of  the 
maxilla  (Fig.  4S).  AVocxl-Jlason  has  observed 
in  the  maiKlibles  of  the  embiyu  of  a  Javanese 
cockroach,  Jilutta  {I\iiienfliia)  jtiraiik-a,  indi- 
cations of  "  the  same  nmuber  of  joints  as  in 
that  of  chilognathuiis  inyriopods,  or  one  less 
than  in  that  of  Machilis."  Also  he  adds: 
"In  both  'lan'ffi'  and  adults  of  Paiieslkia 
jarank-ii  a  faint  groove  crosses  the  '  back '  of 


the  mandible  at  the  liase.  This  groove  ap]*ara  to  be  the  remains  of 
the  joint  between  the  third  and  apical  segments  of  the  formerly 
4-segmented  mandibles." 
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He  also  refers  to  the  prostheca  of  Kirby  and  S pence  (Fig.  49), 
which  he  thinks  appears  to  be  a  mandibular  lacinia  homologous  with 
it  in  Staphylinidae  and  other  beetles  (J.  B.  Smith  also  considers  it 
as  •'•  homologous  to  the  lacinia  of  the  maxilla  "),  and  on  examining 
it  in  P.  cornntns  and  a  Nicaragua  species  (Fig.  40),  we  adopt  his  view, 
since  we  have  found  that  it  is  freely  movable  and  attached  by  a 
tendon  and  muscle  to  the  galea.  In  the  rove  beetles  (Goerius,  Staphy- 
linus,  etc.)  and  in  the  subaquatic  Heteroceridae,  instead  of  a  molar 
process,  is  a  membranous  setose  appendage  not  unlike  the  coxal 
appendages  of  Scolopeudrella,  movably  articulated  to  the  jaw,  which 
he  thinks  answers  to  the  molar  branch  of  the  jaws  in  Blatta  and 
Machilis.      "  It  has  its  homologue  in  the  diminutive   Trichoptery- 

gidaj  in  the  firmly  chitinized  quadrant-shaped  sec- 
ond mandibular  joint,  which  is  used  in  a  peculiar 
manner  in  crushing  the  food  " ;  also  in  the  movable 

tooth  of  the  I*assalidie,  and 
in  the  membranous  inner 
lobe  of  the  mandibles  of 
the  goliath-beetles,  etc. 

J.  B.  Smith  has  clearly 
shown  that  the  mandibles 
are  compound  in  certain  of 
the  lamellicorns.  In  Copris 
Carolina  (Fig.  50),  he  says, 
«_     .^     w    ,.vi     s  n      J  4       1*1  *v    the   small  membranous 

Fio.  49.  —  Mimlible  of  PttamJuR  comnins  wltli  tho 

n«the«i(?):  A,  that  of  a  Nlrani>,'uan  species;  a,  inside,    maudibles  are  divided   lutO 
mtside  view,  with  the  mu.scle.  . 

a  basal  piece  (basal is),  the 
homologue  of  the  stipes  in  the  maxilla ;  another  of  the  basal  pieces 
he  calls  the  molar,  and  this  is  the  equivalent  of  the  subgalea,  while 
a  third  sderite,  only  observed  in  Copris,  is  the  con j unci ivus,  the 
lacinia  (prostheca)  being  well  developed.  Smith  therefore  con- 
cludes "that  the  structure  of  the  mandible  is  fundamentally  the 
same  as  that  of  the  labium  and  maxilla,  and  that  we  have  an  equally 
complex  organ  in  point  of  origin.  Its  usual  function,  however, 
demands  a  powerful  and  solid  structure,  and  the  sclerites  are  in 
most  instances  as  thoroughly  chitinized  and  so  closely  united  to 
the  others  that  practically  there  is  only  a  single  piece,  in  which  the 
homology  is  obscured."  (Trans.  Amer.  Ent.  Soc,  xix,  pp.  84,  85. 
1892.)  From  the  studies  of  Smith  and  our  observations  on  Staphy- 
linus,  Passalus,  Phanaeus,  etc.  (Fig.  50,  A,  B)  we  fully  agree  with 
the  view  that  the  mandibles  are  primarily  3-lobed  appendages  like 
the  maxillae.  Nymphal  Ephemerids  have  a  lacinia-like  process. 
(Heymons.) 
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Mandibles  are  wanting  in  the  adults  of  the  more  specialized  Lepi< 
doptera,  being  vestigial  in  the  most  generalized  forms  (certain 
Tineiiia  and  (Jrambus),  but  well  developed  in  that  very  primitive 
moth,  Eriocephala  (Fig.  51).  They  are  also  completely  atrophied  in 
the  adult  Trichoptera,  though  very  large  and  functional  in  the  pxipa 
of  these  insects  (Fig,  52),  as  also  in  the  pupa  of  Micropteryx  (Fig.  53). 


U'.  cud  oT  g*l«,  — 0.  en 


They  are  also  wanting  in  the  imago  of  male  Diptera  and  in  the 
females  of  all  flies  except  Culicida;  and  Tabaiiid^. 

They  are  said  by  Dr.  Horn  to  be  absent  in  the  adult  Plali/pxyttua 
raifloriit,  though  well  develoi)ed  in  the  larva ;  and  functional  mandi- 
bles are  lacking  in  the  Hemiptera. 

The  first  maxilUe.  —  These  highly  differentiated  appeiulages  are 
inserted  on  the  sides  of  the  head  just  behind  the  mandibles  and  Use 
mouth,  and  are  divided  into  three  lobes,  or  divisions,  which  are  sup- 
ported upon  two,  and  sometimes  tluee  basal   pieces,  i.e.  the  basal 


^ 
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joint  or  cardo,  the  second  joint  or  sli/ies,  with  the  palpifer,  the  latter 

present  in  Termitidte  (Fig.  54,  itljxfr),  but  not  always  separately  de- 
veloped (Fig.  55).  The 
cardo  varies  in  shape, 
but  is  more  or  less  tri- 
angular and  is  usually 
wedged  in  between  the 
subinentum  and  mandi- 
ble. It  is  succeeded  by 
the  sti]>es,  which  usually 
forms  the  support  for 
the  three  lobes  of  the 
A  maxilla,  and  is  more  or 

nrm!ii^a~i^C,^T—At    ^^^^  square  in  shape. 

y,&- J™::".~"       The  tl.,ee  distal  divi- 

«*f(».— AriH-shuti,,  sions  of  the  maxilla  are 

called,  respectively,  beginning  with  the  in- 
nermost,   the 
(■«,  galea, 

2'afpifer,  Pia.  B1. -Mmdlbls  of  £>■(»■ 

the  latter  be-    illiil/itr'rHKwu.r:";™""^ 

,    ,  iif  iha  Joint  (miiibiiluui) :    A. 

I    ing   a  lobe  or    „^  f,t„  ttna  one  Okie  nf  the 

segment  -"'■«  «'«'■- ah- ^-i- 
bearing  the^wZ/ws,  The  lacinia 
is  more  or  less  jaw-like  and 
armed  on  the  inner  edge  with 
either  flexible  or  stiff  bristles, 
spines,  or  teeth,  which  are  very 
variable  in  shajte  and  are  of  use 
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as  stiff  brushes  in  pollen-eating  beetles,  etc.     The  galea  is  either 
single-jointed  and  helmet-shaped  or  subspatulate,  as  in  most  Or- 


B 


Fig.  M.  —  A^  maxilla  of  Termopgia  anffitgticoUU.    iff,  Tenues  Jlaripfn :  c,  cardo ;  stt,  stipes  ; 
plpyr^  polpi^fr  ;  pulp^  \<9,\\n\A ;  /(/<•,  lacinla ;  g,  gal,  galea. 


thoptera,  or  2-jointed  in  Gryllotalpa,  or  lacinia-like  in  Myrmeleon 
(Fig.  oo,  C) ;  or,  in  the  Carabidae  (Fig.  06)  and  Cicindelidas  it  is 

2-jointed  and  in  form  and  function  like  a  ])alpus. 

The  palpus  is  in  general  antenniform  and  is  com- 
posed of  from  1  to  6  joints,  being  usually  4-  or  5-jointed, 
and  is  much  longer  than  the  galea.     In  the  maxilla  of 

the     beetle     Ne- 
^  C  /7    niognatha     (Fig. 

57),  the  galea  is 
greatly  elon- 
gated,  the  two  to- 
gether forming 
an  imperfect  tube 
or  proboscis  and 
reminding  one  of 
the  tongue  of  a 
moth,  while   the 

Vui.  &5.  —  i4,  maxilla  of  Man  tin  im  hi  nun  tit,    B,  Ancalapftun  longi-    1q^:,:q      :«      «r» 
corniff.     (',  3fyrintfeoH  tiirft't^uni.     Letterlni?  a>  in  V\g.  54.  1  aci  U  1  a      IS      re- 


THE  FIRST  MAXILLA  65 

duced.  In  the  Mecoptera  the  lacinia  and 
galea  are  closely  similar  (Fig.  58) ;  in  the 
Trifhoptera  only  one  of  the  lobes  is  pres- 
ent (Fig.  .ra),  while  in  Lepidoptera  tlie 
galea  unites  with  its  mate  to  form  the 
so-called  tongue  (Fig.  60).  The  maxilla 
of  the  male  of  TegeHctila  yuccasella  is 
normal,  though  the  galeae  are  separate; 
but  in  the  female,  what  Smith  regards  as 
the  palpifer  (the  "tentacle"  of  Riley)  is 
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'uiarkably  developed,  being  nearly  as  lonj  as 
i,  (,Fig.  CI)  aad  armed  with  stout  setie. 
2  pair  of  processes  being  adapted  for  holding 

s  of  pollen  under  the  head. 
In  coleoptproiis  larvw  the  niaxili,Te  are  2-)obed 
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(Fig.  62),  the  galea  being  undifferentiated,  but  in  those  of  saw-flies 
the  galea  is  present  (Fig  63,  <jnl). 

It  now  seems  most  probable  that  in  the  first  maxillas  we  have  the 
primary  form  of  buccal  apjiendage  of  insects,  the  appendage  being, 
composed  of  three  basal  pieces  with  three  variously  modified  distal    \ 
lobes  or  divisions;  and  that  the  mandibles  and  second  maxillae  are      \ 
modifications  of  this 
type. 

How  wonderfully 
the  maxillae  of  the 
Lepidoptera  are 
modified,  and  the 
peculiar  shapes  as- 
sumed in  the  Dip- 
tera,  Hymenoptera, 
and  other  gi-oups, 
will  be  stated  in  the 
accounts  of  those 
ordei-s,  but  it  is  well 
to  recall  the  fact 
that  in  the  most 
primitive  and  gen- 
eralized moth,  Erio- 
cephahi,  the  la^inia 
is  well  (ie\"e!o]>ed 
(Fig.  64). 

As  Xewjiort  re- 
marks, the  office  of 


the 


*iii«  i 


the 


M.  — ljn-«  nf  Rhngiii. 


mandibulate  inserts 

is     of     a     twofold 

kind ;  since  they  are 

adapted  not  only  for 

seizing  and  retaining  the  food  in  the  mouth,  but  also  as  accessory 

jaws,  since  they  aid  the  mandibles  in  comminuting  it  before  it  is 

passed  on  to  the  pharynx  and  swallowed.    Hence,  as  the  food  varies 

so  much  in  nature  and  situation,  it  will  be  readily  seen  that  the 

maxills,  especially  their  distal  parts,  vary  corresi>ondingly.     Thus 

far  no  close  observations  on  the  exact  use  of  the  first  and  second 

maxillae  have  been  published. 

The  palpi  also  are  not  only  organs  of  touch,  but  in  some  cases 
act   as   hands   and   also   bear  minute   sense-organs,   the  fimction 


\/.. 
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of  which  is   unknown,  but  would  appear  to  be  usually  that  of 

smell. 

The  second  nuzUIs. — The  "under-lip"  or  labium  of  insects  is 

formed  by  the  fusion  at  the  basal  portion  of  what  in  the  embryo  are 
separate  appendages,  aud  which 
arise  In  the  same  manner  as  the 
first  maxillae.  They  are  invariably 
solidly  united,  no  cases  of  partial 
or  incomplete  fusion  being  known. 
The  so^^lled  labium  is  situated 
in  front  of  the  gula  or  gular  region, 
aud  is  bounded  on  each  side  by 
the  gena,  or  cheek.  As  already 
oltserved,  the  second  maxilla;  ap- 
l>ear  to  be  the  appendages  of  the 
last  or  occipital  segment  of  the 
head. 
,._ _  _  _ _.        The  second  maxillai  are  very 

liKri^wM."™!!!*;  su?^j«|"(!(e,  HdS;    much  differenti- 
ated  and   vary  "^^ 

greatly  in  the  different  orders,  being  especially 

mo<lified   in  the  haustellate  or  suctorial   orders, 

notably  the  Hymenoptera  and  l>iptera.      In  the 

mandibulate  orders,  particularly  the  Orthoptera, 

where  they  are  nio.st  generalized  and  jmniitive  in 

shape  and  structure,  they  consist  of  the  fuUoning 

parts :  the  ijiila  (a  poKl-ffuhi  is  present  in  Derniap- 

tera),  gulimentum  (lora  of  Cheshire,  i,  j).  Ill),  men- 

tum,  jHilpifer,  the  latter  l>earing  the  }M}f>i ;   the 

lingua  (liyiila)  and  pttra/jloxs/f,  while  the   hypo- 
pharynx  or  lingua  is  situated  on  the  upper  side. 

The  labial  palpi  are  of  the  same  general  shape  as 

those  of  the  lirst  maxillse,  but  shorter,  with  very 

rarely  more  than  three  joints,  though  in  Ptero- 

nartys  there  are  four.    L6on  has  detected  vestigial 

labial  palpi  in  several  Hemi]>tera  (Fig.  T.'i).     As 

to  the  exact  nature  and  limits  of  the  g»ila,  we    i!ri."-ri'!i'.,7a^t/?Mi^: 

are  not  certain;  it  is  not  always  present,  and  may    /.  muuiiry' «i™u'!i ;"*< 

he  only  a  differentiation  of  the  subiiientum,  or  the    ^Stl'r  '■ '^'"'"- ~ -"•" 

latter  piece  may  be  I'egarded  as  a  part  of  the  gula. 

We  are  disposed  to  consider  the  second  maxillfe  as  morpho logically 

nearly  the  exact  equivalents  of  the  first  pair  of  maxilla-,  and  if  we 
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adopt  this  view  it  will  greatly  simplify  our  conception  of  the  real 
nature  of  this  complicated  organ.  The  object  of  the  fusion  of  the 
basal  portion  appears  to  be  to  form  an  under-lip,  in  order  both  to 
prevent  the  food  from  falling  backwards  out  of  the  mouth,  and,  with 
the  aid  of  the  first  pair  of  maxillae,  to  pass  it  forward  to  be  crushed 
between  the  mandibles,  the  two  sets  of  appendages  acting  somewhat 
as  the  tongue  of  vertebrates  to  carry  and  arrange  or  press  the  mor- 
sels of  food  between  the  teeth  or  cutting  edges  of  the  mandibles. 

The  spines  often  present  on  the  free  inner  edges  of  the  first  and 
second  maxillae  (Figs.  54,  62)  form  rude  combs  which  seem  to  clean 
the  antennae,  etc.,  often  aiding  the  tibial  combs  in  this  operation. 

The  submentum  and  mentum,  or  the  mentum  when  no  submentum 
is  differentiated  (with  the  gula,  when  present),  appear  to  be  collec- 
tively homologous  with  the  cardines  of  the  first  pair  of  maxillae,  to- 
gether with  the  palpifers  and  the  stipites.^  These  pieces  are  more  or 
less  square,  and  have  a  slightly  marked  median  suture  in  Termitidae, 
the  sign  of  primitive  fusion  or  coalescence. 

The  most  primitive  form  of  the  second  maxillae  occurs  in  the  Or- 
thoptera  and  in  the  Termitidae.  The  palpifer  is  either  single  (Peri- 
planeta,  Diapheromera,  Gryllidae)  or  double  (Blatta  orientcUis,  Locusti- 
dae).  In  Prisopus  the  single  piece  in  front  of  the  palpifer  is  in  other 
forms  divided,  each  half  (Blatta,  Locustidae,  Acrydidae)  bearing  the 
two  "  paraglossae,"  which  appendages  in  reality  are  the  homologues 
of  the  lacinia  and  galea  of  the  first  maxillae.*  In  the  Termitidae  (Fig. 
6o)  the  lingua  is  not  differentiated  from  the  palpifer,  and  the  two 
paraglossae  (or  the  lamina  externa  and  interna  of  some  authors) 
with  the  palpus  are  easily  seen  to  be  the  homologues  of  the  three 
lobes  of  the  first  maxillae.  In  the  Perlidae  (Pteronarcys,  Fig.  06) 
the  palpifer  is  divided,  while  the  four  paraglossae  arise,  as  in  Priso- 
pus and  Anisomorpha,  from  an  undivided  piece,  the  lingua  not  being 
visible  from  without.  In  the  Neuroptera  the  lingua  or  ligula  is  a 
large,  broad,  single  lobe,  without  "paraglossae,"  and  the  palpifer  is 
either  single  (Myrmeleon,  Fig.  67),  or  divided  (Man ti spa,  Fig.  68). 

^  After  we  had  arrived  at  this  conclusion,  and  written  the  above  lines,  we  received 
the  Zooloj?ischer  Anzeiger  for  March  2V>,  18{>7,  in  which  Dr.  N.  Leon  publishes  the  same 
view,  stating  that  each  side  of  the  submentum  is  the  homologue  of  the  cardo,  and 
each  side  of  the  mentum  corresponds  to  the  stipes  of  a  single  maxilla  (p.  74) 

^  Miall  and  Denny  were  the  first  to  homologize  the  paraglosss.'  with  the  galea  and 
lacinia,  showing  the  complete  resemblance  of  the  second  maxillae  to  the  tirst  pair, 
remarking  that  "  the  homology  of  the  labium  with  the  first  pair  of  maxillse  is  in  no 
other  insects  so  distinct  as  in  the  Orthoptera."  We  have  also  independently  arrived 
at  a  similar  conclusion,  but  believe  that  the  mentum  corresponds  to  the  first  max- 
illary cardo.  and  the  palpifer  to  the  first  maxillary  stipes,  the  sclerite  of  'each 
maxilla  being  fused  to  form  the  base  of  the  labium,  i.e.  the  unpaired  mentum  and 
submentum. 
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In  Corydalus  (Fig.  29)  the  palpifer  forms  a  single  piece,  and  the 
lingua  is  undivided,  though  lobed  on  the  free  edge. 

In  the  metabolic  orders  above  the  Neuroptera  the  ling^ia  is  vari- 
ously modified,  or  specialized,  with  no  vestiges  of  the  lacinia  or 

galea,  except  in  that  very  primitive 
moth,  £riocephala,  in  which  Walter 
found  a  minute  free  galea,  me,  and  an 
inner  lobe  (Figs.  76,  77),  the  lacinia. 

The  hypopharynx.  —  While  in  its  most 
generalized  condition,  as  in  Synai)tera, 
Dermaptei-a,  Oithoptera,  and  Neuroiv 
tera,  this  anterior  median  fold  or  out- 
growth of  the  labium  forming  the  floor 
of  the  mouth  may  retain  the  designation 
of  "tongue,"  lingua,  or  ligula;  in  its 
more  specialized  form,  particularly  when 
used  as  a  piercing  or  lapping  organ,  the 
use  of  the  name  hypophiirynx  seems  most 
desirable.  And  this  is  esi)ecially  the 
case  since,  like  the  epi pharynx,  it  is 
morphologically  a  median  structure,  and 
while  the  epipharynx  forms  the  soft, 
sensitive  roof  of  the  mouth,  or  pharynx  ; 
its  opposite,  the  hypopharynx,  rises  as 
a  fold  from  the  floor  of  the  mouth,  form- 
ing in  its  most  generalized  condition  a  specialized  fold  of  the  buccal 
integument.     In  certain  cases,  as  in  the  honey-bee,  the  very  long 


• 
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Fio.  fift.  —  Sfcond  maxilla'  of  Ttr 
mopfiiti  anguttiicoUiH :  ti,  the  homo 
loi^ue  of  the  lucinia ;  U^  galea. 


Fni  66  —  Second 
maxillH-  of  Pteronarcys 
caii/oruica. 


Fig.  67.  —  Second  inaxillje  of  Myrmeleon 
diver  Hum. 


Fig.  6fi.— Second 
maxilUe  of  JlftinU«pa 
hrunnea. 


slender  "tongue"  or  hypopharynx  is  evidently,  as  in  the  case  of 
the  epipharynx,  a  highly  sensitive  armature  of  the  mouth. 
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In  all  insects  this  organ  —  whether  forming  a  soft,  tongue-like, 
anterior  portion  or  fold  of  the  labium,  and  "  continuous  with  the 
lower  wall  of  the  pharynx,"  or  a  hard,  piercing,  awl-like  appendage 
(fleas  and  flies),  or  a  long,  slender,  hairy  or  setose,  trough-like  struct- 
ure like  the  "  tongue  "  of  the  honey-bee  —  has  a  definite  location  at 
the  end  and  on  the  upper  side  of  the  l^ium,  and  serves  to  receive 
at  its  base  the  external  opening  of  the  salivary  duct. 

The  hypopharynx,  as  well  shown  in  its  lingua  condition  in  Or- 
thoptera,  is  continuous  with  and  forms  the  anterior  part  or  fold  of 
the  base  of  the  coalesced  second  maxillae.  It  does  not  seem  to  be 
paired,  or  to  represent  a  pair  of  appendages. 

Opinion  regarding  the  homology  of  this  unpaired  piercing  organ 
is  by  no.  means  settled,  and  while  there  is  a  general  agreement  as  to 
the  nature  of  the  paired  mouth-parts,  recent  observers  differ  very 
much  as  to  the  morphology  of  the  organ  in  question. 

It  is  the  langue  or  lingua  of  Savigny  (1816),  the  ligula  of  Kirby 
and  Spence  (1828),  the  langue  on  languette  (lancette  mMiane  du  sui^oir) 
of  Dug^s  (18,*32),  the  lingua  of  Westwood  (Class,  ins.,  ii,  p.  489, 1840), 
"  the  unpaired  median  piercing  organ  "  ("  the  analogon  of  the  epi- 
pharynx  of  Diptera")  of  Karsten  (1864),  the  "tongue"  of  Taschen- 
berg  (1880). 

The  name  hypopharynx  was  first  proposed  by  Savigny  in  1816, 
who,  after  naming  the  membranous  plate  which  has  for  its  base  the 
upper  side  of  the  pharynx,  the  epipharynx,  remarks :  "  Dans  quelques 
genres,  notamment  dans  les  Eueeres,  le  bord  inferieur  de  ce  mSme 
pharynx  donne  naissance  a  un  autre  appendice  ])lus  solide  que  le 
precedent,  et  qui  s'emboite  avec  lui.  Je  dounerai  a  ce  dernier  le 
nom  de  langue  ou  d^ hypopharynx.  Voila  done  la  bouche  des  Hyme- 
nopt^res  composee  de  quatre  organes  impaires,  sans  y  comprendre  la 
ganache  ou  le  menton;  savoir,  la  l^vre  sup^rieure,  Pepipharynx, 
I'hypopharynx,  et  la  l^vre  inf^rieure,  et  de  deux  organes  paires,  les 
mandibules  et  les  mSchoires." 

As  stated  by  Dimmock :  "  The  hypopharynx  is  usually  present  in 
Diptera  (according  to  Menzbier  absent  in  Sargus),and  contains  a  tube, 
opening  by  a  channel  on  its  upper  surface;  this  channel  extends 
back,  more  or  less,  from  the  tip,  and  is  the  outlet  for  the  salivary 
secretion.  The  tip  of  the  hypopharynx  may  be  naked  and  used  as 
a  lance  (Haematopota,  according  to  Menzbier),  or  may  be  hairy 
(Musca).  The  upper  side  of  the  base  of  the  hypopharynx  is 
continuous  with  the  lower  wall  of  the  pharynx ;  its  under  surface 
may  entirely  coalesce  with  the  labium  (Culex,  male),  may  join 
the  labium  more  or  less,  anterior  to  the  mouth   (Musca),  or,  if 
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either  mandibles  or  maxillEe  are  present,  its  base  may  join  them 

(Culex,  female)."     (p.  43.) 

We  will  now  briefly  describe  the  lingna,  first  of  the  mandibulate 

or  biting  insects,  and  then  its  specialized  form,  the  hypopharynx  of 
the  haustellate  and  lapping  insects. 

The  lingua  (hypopharynx)  exists  In 
perhaps  its  most  generalized  condition 
in  the  Thysantii-a  (Fig.  69),  where  it 
forms  a  soft  projection,  having  the  same 
relations  as  in  Anabrus  and  other  Or- 
thoptera.' 

In  the  cockroach  (Fig.  70),  as  stated 
by  Miall  and  Denny,  the  lingua  is  a 
chitinows  fold  of  the  oral  integument 
situated  in  front  of  the  labium,  and  ly- 
ing in  the  cavity  of  the  mouth.  The 
.._.  common  duct   of   the  salivary   glands 

Fio. ».— Suction  of  hMii  nrjfti-    Alters    the    lingua,   and   o]>ens   on    its 

''"'uitaTi'm  "'ri«nu.'riumr;>*?  ™ni    blinder  surface.   The  lingua  is  supported 

rrihe?fV''t"™rto™"  '^1  taWnrn*;    ^7  *  chitinous  skeleton  (Figs.  70,  B;  82, 

"''  ,™ph2^ur-  Af£';  oildcmMl*"'*"    '^P)-  "  "^^^  *'■'"  fihitinous  surface  of  the 
lingua  is  hairy,  like  other  parts  of  the 

mouth,  and  stiffened  by  special  chitinous  rods  or  bands."     (Miall 

and  Denny.) 

In  the  Acrydiidae  {Mdauni^iia  fen 

membranous,    i>artly    hollow         ( 

expansion  of  the  base  of  the 

labium.      It  may  l>e  exposed 

by  depressing  the  end  of  tlie 

labium,  wheu  the  oiwuiug  of 

the  salivary  duct  may  be  seen 

at  the  bottom  or  end  of  the 

sjtace    or    gap    between    the 

hinder    ba.se    of    the    tongue, 

and  the  inner  anterior  Imse  of 

the  labium,  as  shown  by  the    '""*'  '■"^"™'"     .in.TsimnjKi  iwiinj. 

arrows  in  Fig.  70.     It  is  somewhat  pyriform,  slightly  keeled  above, 

and  bearing  fine  stiff  bristles,  which,  as  they  jmint  more  or  less 

inwards,  probably  aid  in  retaining  the  food  within  the  mouth.     The 
>  Uiel  states  that  wbat  Is  reiranled  as  the  li|!iila  of  Campodea  is  fonueit  froni  tlio 

sternite  nf  llie  first  maxillary  seijmeiit;  while  the  twn  parls  rejianled  as  paraKli>s.Hn 

gtnw  out  Inim  tlie  slernlte  ol  the  manillbniar  seRiiient,  and  these  tlirpe  stnu'tiirea 

Ingpthet  he  rettanls  as  the  by ixipharynx.    (Zool.  AnMiger.  July  n,  iSliT,  p.  234.) 


iibntm)  tlie  tongue  is  a  large. 


n.  — HjTophiinni  of  PfFipl-i«rin  "rltn- 
lnplT"!(,  oriKlii'of  «llviii^  Hwi.  "b,  mI 


i:£^ 
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base  of  the  tongue  is  narrow,  and  extends  back  to  near  the  pharynx 
there  being  on  the  floor  of  the  month,  behind  the  tongue,  two  obliqiit 
slight  ridges,  covered  with  stiff,  golden-yellow  hairs,  like  those  oi 
the  tongue.  The  opening  of  the  salivary  duct  is  situated  on  the 
under  or  hinder  side  of  the  hypopharynx, 
between  it  and  the  base  of  the  labium,  the 
base  of  the  former  being  cleft;  the  hollow 
thus  formed  is  situated  over  the  opening, 
and  forms  the  salivary  receptacle. 

In  the  Locustidffi  (Anabnis,  Fig.  71)  tlie 
tongue  (hypopharynx)  is  a  broad,  some- 
what flattened  lobe  arising  from  the  upper 
part  of  the  base  of  the  mentum  and  behind 
the  jialpifer.  This  lobe  is  cavernous  im- 
derneath,  the   hollow  beinc    the    salivary        Fio.  ti.  — Bectjon  ihroujh  ih» 

'  o  J      an»rlar  part  of  1ta«  head  nr  Ana- 

receptacle  (sr);  the  latter  is  situated  over  bt""  iib»  mMdibien  r«Mnv«ii. 
the  oiieniiig  of  the  salivary  diict,  which  is  p'i")';"  i*w'  '"  .t*:?  oi»niiiii  of 
placed  between  the  base  of  both  the  hy[K)-  i.iMinia;mr  nlenlllm:nf.l■■K.|lh«- 
pha^ynx  and   the  labium.     The  salivary 

fluid  ajjimrently  has  to  pass  up  and  around  on  each  side  of  the  hypo- 
pharynx  in  order  to  mix  with  the  food. 

These  relations  in  the  Ortho])t«ra  are  also  the  same  in  the 
Perlidae,  where  the  hyiwpharynx  is  well  developed,  forming  an 
unusually  large  tongue-like  mass,  nearly  filling  the  buccal  cavity. 

In  the  Odonata  the  lingua  is  a  small,  i-ouuded  lobe,  as  also  in  the 
Ephemeridie ;  in  the  nymph,  however,  of  Heptagenia  (Fig.  72)  it  is 
highly    developed,    according 
to  Vayssi^re,  who  seems  in- 
clined to  regard  it  as  repre- 
senting a  pair  of  a]){iendages. 
The  tongue  in  Hemijitera  is 
said  by  Leon  to  be  present  in 
Beiiaciis  ijriwis  (Say)  and  to 
correspond  to  the  subgalea  of 
ea<u/.i,  j.i«:  .«.  renimii  /.  toi.Tui  |.[ec.x,  -  After    Knille  or  hyportactylc  01  Au- 
«j.i..«fw™  Sharp.  (louin  (Fig.  7.t),  but  this  aii- 

pears  to  correspond  to  the  labium  proper,  rather  than  a  true  lingua, 
the  latt«r  not  being  differentiated  in  this  order.  In  the  Ooleoptera 
the  lingua  is  rather  small.  In  beetles,  as  Anopthalmus  (Fig.  74),  it 
forms  a  setose  lobe;  and  a  well-tleveloped  nerve,  the  lingual  nerve, 
passes  to  it,  dividing  at  the  end  into  several  branches  (n-l).  In  Sialis 
the  lingua  is  short,  much  less  developed  thau  usual,  being  rounded, 
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and  bears  on  the  edge  what  appear  to  be  Diimerous  taste-h^rs,  like 
those  CD  the  ends  of  the  maxillary  and  labial  palpi. 

f,  £  In    tlie    lulult   Panorpidte   the 

^  lingua  is  a  minute,  simple  lobe. 

In  the  larval  Tric-hoptera  the 
spinneret  is  well  developed,  and 
in    stnietnre    substantially    like 
that    of    caterpillars,    and    it  is 
plainly    the    homologne    of    the 
hyiKipharynx,     receiving    as    it 
does  the  end  of  the  silk-iliict. 
In  the  adult  Triehoptera  the 
■«™«j».(Ai.     <:  or  lin-ti'  li.ij.it:    hyjiopliaiyiix    is    a    very    lai^e, 
u-ii'nt^man  'ti'k'  pni.m»ii\\an'  <•)   tongue-like,    fleshy      outgrowth, 
B'-a.  — .    IT  ^-oB.  ^^^^y    j^^    j^^jj^    lj^    situati(m    and 

Ifj-  A  sti'iictiii-e,  since 

it  eonliiins  the 
o)>ening  ut  the 
silk-iluct,  exact- 
ly   homohigous 
with  the  hypo- 
pharynx  of  ill- 
sects   of  other 
wmewhat    intei- 
en     the     fleshy 
iia  of    the   niau- 
iiiiHiiai.e    iiiMfvis,    especially  the 


.  Anapaalmm  Mknmftllt:  Ar.  bnln;  f.  o.ttnaXti 
.■.:..  —t.  »ub.i>»o[Ji««l  nngLLon:  en,  o>mml»»iUT ;  >i, /,  nerve  •(•nilln;  bmnehu  lo  ibc 
■  |/l:  niH.  mixlllv)'  nerve;  m'.  Isl  mullli:  mm.  mullbry  muirle:  i/ir  .  M  mailllc 
iiuvLe  nfniehtijiii;  ^^,  elnvAtor  muule  of  the  ipHopliiuniH ;  I  of  (he  ntj'pt'Ufl.  anri  ■  rhini  bevnod 
itf  the  Ubrum  {Ibri^  f/A,  epipharynx;  o-  0  •  Hllvuy  jtUn^lii  above;  ^>,  lEngual  idaiHl  bektw 
wphuui iifi ;  III.  mouth;  jw.  proven irleuln> :  md.  mitidlUc.    A.  mcUob  pasalog  Uuvngh 
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Neuroptera,  and  the   hypopharyiix  of  the   bees  (Fig.  86).    Lucaa 
describes  and  figures  it  under  the  name  of  "  haustelhim,"  but  does 


Firi.  T-'i.  —  Itcid  of  Anabalia  furcala :  A,  front  vteiv.  iihuwlng  tlw  iDbriim  rrinacol.    B.  ikls 

lemri,  uutvrlntif  IgsW:  j4mr\,Miy\\t  of  1«1  mixtlli;  j'{,'r>nlpu>  of  til  mnillli;  ha.  luuoMluin ; 
"0.  (ni»l»l"ry  jiIIm;  .M-.opriilng  of  Mflrirj- durt;  <■**/.,  chlllnoui  hook  of  Uie  clup ;  i^r,  fHrroa  or 

not  hoinologize  it  with  tlie  hypopharynx.  The  caddis-flies  have  been 
observed  to  drink  water  and  take  in  both  fluid  and  tine  particles 
of  solid  food,  and  to  use  the  haiisl«llum 
for  this  pnrixise,  the  end  being  pro- 
vided with  niinut«  sense-organs  like 
those  on  the  first  maxillary  lacinia,  and 
possibly  of  a  gustatory  nature. 

The  spinneret  of  the  larvie  of  Lepi- 
doptera  is  evidently  the  homologue  of 
the  hyiKiphaiyiix  of  insects  of  other 
orders.  It  will  be  seen  that  the  homol- 
ogy of  the  different  parts  is  identical, 
the  common  duct  of  the  si  Ik -glands 
opening  at  the  end  of  the  hypo- 
pharynx,  which  here  forms  a  complete 
tube  or  proboscis  extending  beyond  the 
end  of  the  labium,  in  adaptation  to  its 
use  as  a  spinning  organ. 

Walter  refers  to  Burgess's  discovery 
of  a  hypopharynx  in  Daitais  archippua. 


etj/hala  rnltlirlla :  fit/,  Ukuli,  I 
bnnonn   h1ni1i-r   «dn ;   lis\   ADIeriijr 
borny  ^^^  of  IhA  %iilB-tube  o[i«nlni; 


Til  TEXT-BOOK  OF  ENTOMOLOGY 

remai'king  that  this  organ  in  the  adult  Eriocephalidse  (Fig.  76) 
exhibits  a  great  similarity  to  the  relations  observable  in  the  lower 
inserts,  adding;  — 

"  The  furi-ow  is  here  within  coalesced  with  the  inner  side  of  the 
labium,  and  though  I  see  in  the  entire  structure  of  the  heail  the 
inner  edge  of  the  ligula  tube 
extended  under  the  ejniiharynx 
as  far  as  the  mandible,  I  must 
also  accept  the  fact  that  here 
also  the  hypopharynx  extends  to 
the  inouth-o))ening  sis  in  all  other 
sufking  insects  with  a  well- 
develoi>ed  underlip,  viz.  the  I)ip- 
tera  and  Hymen oiitei-a," 

He    has    also     discovered     in 
Jlicropteryx   a  paired  structure 
wliich  he  i-egards  as  the    hyi>o- 
Fra.  n.-i*bid>n  of  .vierai.i>rax  and.r-    pliaryux  (Fig,  77).   As  he  states: 
rraiovrii  1.1  ihrir  tnui  Joint).   Lfiiei-ini;  u  In  A  JMirtion  of  the  inner  sur- 

Fte.:6.-Aft*rW»iuT.  jj^^,g   ^f    jj^g   tube-like    lignla  is 

covered   by    a  furrow-like   baiul  wliich,  close  to  the  inner  sitle,  is 
coalesced  with  it,  and  in  {Kisition,  shape,  as  well  as  its  api)eiidages 
or  teeth  on  tlie  edge,  may  be 
regarded  as  nothing  else  than 
the  hyjHjpharynx." 

A  hypopharynx  is  also  pres- 
ent in  the  highest  Lepidoptera, 
Hurgess  having  detected  it  in 
Ddiiuis  ari'liipjuiH.  He  states 
tliat  the  hypopharynx  forms 
the  floor  of  the  pharyngeal 
cavity ;  "  it  is  convex  on  each 

side  of  a  median  furrow  (Fig.  r„  7*,-iiyi»ph^n.  m„m  nt  n.™i.:  n, 
78,  hph)  and  somewhat  resem-    ;i>i*"' = -/^  ""'"J'  ■»:"■'■  ™-  i»'>wi-i|"°"«i»": 

'      '     '  /'".  ftiiiilnl   muocli';  fill,  phirym;  cor.  ™rpe«,— 

bles  in  ahai>e  the  liunian  hi'east.    '*"'"''  i*"™""*' 

The  convex  areas  are  dotted  over  with  little  paiiillie,  which  possibly 

may  be  taste-organs." 

As  a  piercing  organ  the  hypopharynx  reaches  its  greate,>Jt  lieveloji- 
ment  in  the  Siphona])tera  and  Diptera,  where  the  chitinous  parts  are 
greatly  hypertrophied,  the  fleshy  tongue-like  poi-tion  so  develo|)6d  in 
the  niandihnlate  orders  l>eing  greatly  reduced.  The  chitinous  parts  are 
alike  on  each  side  of  the  median  organ,  being  bilaterally  symmetrical. 
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In  the  fleas  the  hypophaiynx  is  a  large,  slender,  unpaired,  long, 
chitinoiis  trough,  as  long  as  the  mandihles,  and  toothed  at  the  end. 
Figures  79  and  80  show  its  relations  to  the  other  parts  of  the  month  ; 
in  Fig.  79,  x,  is  seen  where  the  salivary  dtict  opens  into  the  pharynx, 
Althoiigh  this  organ  is  not  unanimously  referred  to  the  hyjiopharynx. 


yet  from  the  description  of  Landois  and  others,  it  is  evident  that 
this  structure  does  not  corres[K)nd  to  the  labruni  or  epipharyiix,  but 
l>elongs  to  or  arises  from  the  floor  of  the  month,  and,  being  in  close 
relation  to  the  labium,  and  also  receiving  the  salivary  duct,  must  be 
a  true  hypopharynx. 
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In  the  Diptera  the  hypopharynx  reaches  its  highest  development 
as  a  large,  stout,  awl-like  structure. 

Meinert,  in  his  detailed  and  elaborately  illustrated  work,  Trophi 
Dipteroruni  (1881),  has  made  an  advance  on  our  knowledge  of  the 


hypopharynx  and  its  homologies,  both  by  his  evidently  faithful  de- 
scriptions and  dissections,  and  by  his  admirably  clear  figures. 

"The  liypopharynx,  n  continuation   of   the   lower 
edge   (lamina)   of   tlie   pharynx,  most  generally  free, 
more   or   less   produced,  acute  anteriorly,  forms  with 
,  the  labruni  the  tube  of  the  pump  (unCffF).    (The  hypo- 

pharynx when  obBolete,  or  coalesced  with  tlie  canal  of 
the  proboRcis.  is  the  theca ;  in  such  a  case  the  RJphon 
or  tube  is  formed  by  the  theca  and  labrum.)  Mean- 
while the  hypopharynx,  the  largest  of  all  the  l.roplii 
,  ('iiiiiifiifn  frii/i'i'>rii>it  iiiaximua),  constitutes  the  clitef 
'  piercing  organ  (Irluia)  of  Diptera.  The  hypopharynx 
is  moved  by  protractor,  iiiictt  generally  <iuite  or  very 
powerful,  and  by  retractor  muscles. 

"  The  efferent  duct  of  the  thoracic  salivary  glands 
(iliiflut  tativ'iliii)  pprforates  the  hypopliaryiix,  more 
or  less  near  the  base,  llial  tlie  saliva  may  be  ejected 
throHj^h  the  canal  into  the  wound,  or  lliat  it  may  be 
conducted  along  the  labella.  Very  rarely  the  salivary 
<.d  duct,   perforating  the  hypopharyiix,   is   continued    in 

FiQ.  «<.  — Phsrvni  ind  the  shape  Of  a  free,  very  slenderiube. 
!'«iwtp'!^°^°fuw"  ^"n«         "The  salivary  duct  behind  liie  base  of  the  hypn- 
of  the  piurypi :  p,  tbr  wii-  pliarynx  forms  ilie  rereptacle  or  rrr^ptacHliiiii,  provl<led 
iK^ ^xnx'^i  '^fw'IS   "''*'  retracfor  and  levator  muscles." 
ilu'  ifiKt;  «*;i.  Kill™  uf  ihf 

bSnoii"  wi^' i^'ihi  hyi™^  It  has  been  carefully  studied  by  Meinert  in 
Hl^wi^W  "i.8  1Ih.f!^'iI''  a  species  of  (^ulex  (Fig.  81),  Mimulinm  (Kig. 
A'n^r'Ken.    '•'''"'■■  "   82),  Tabaiius  (Fig.  Hli),  and  in  Asilua  (Fig.  84), 
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where  it  is  seen  to  attain  enormous  proportioDB.  In  the  Hyme- 
nopt«ra,  this  organ  in  its  most  specialized  condition  is  a  trough- 
like rod,  adapted  for  lapping  nectar  (Fig.  85,  86,  ttyp).  The 
tongue  or  hypopharynx  of  the  honey-bee  has  been  elaborately  de- 


lurynx  {thr  ind  i-Mt  ftod  hypopharyDi  ihyp^  of  Tahanu*  bromlnu*: 
■tloD  or  Ihr  iFMiirliuuB:  a,  inurlor  iwoU  -         -  - 

*L  muMle;       -' - '-     •  ■ 


Tlor  eyllDdrinl  [HirtloD  of  Ihr  vMiirluiguB :  a,  inurlor  iwoUaD  portion  of  lbs  »me  ;  lA. 
:  pA,m,  pbAryn^nl  muwle;  />.pA.  protnclur  niiiarle  of  Ihe  pbaryox;  r,oe,  ir*—""'" 
»f  (he  iFiui|ihi|rua ;  p./iA,  nmriur  muacli)  of  the  ]>liaryni :  /»«.  Rvior  muBcle 


tjcribed  by  Cheshire  in  his  Bees  and  Hee  Keeping.'  He  calls  it 
"he  tongue  or  ligula.  It  is  situated  in  a  tube  formed  by  the  maxillEe 
and  labial  palpi,  and  can  be  pavtially  retracted  into  the  mentuuL 
He  states  that  it  can  move  «p  and  down  in  the  tube  thus  formed, 


and  then  describes  it  as  covered  by  a  hairy  sheatli,  its  great  elasticity 
being  due  to  a  rod  running  through  its  centre  enabling  it  to  be  used 
as  a  lapping  tongue.     The  sheath 


UDd  die  FunctiuneD  der  Bleneiiz 
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"  passes  round  the  tongue  to  the  back,  where  Its  etlges  do  not  meet,  but  are 
rinitinuoiis  with  a  very  thin  plAitecJ  membrane  ((i./iin)  covered  with  minute  haint. 
This  uiHmbrane,  after  passing  towajrds  the  sides  of  the  tongue,  returns  to  tlie 
angle  of  tiie  nucleus,  or  rod,  over  the  under  surface  of  whii^h  ii  Is  prolrably  con- 
tinued.    'I'he  rod  passes  through  the  tongue  from  end  to  end,  gradually  tapering 
towards  its  eitremity,  and  is  best  studied  in  the  queen,  where  1  trace  many 
nerve  Uireads  and  cells. 
It  is  undoubtedly  en- 
dowed  with   voluntary 
movement,    and    must 
be    partly     muscular, 
although  1  have  failed 
completely    in    fietiing 
any  evidence  of  siria- 
tion.    Tlie  rod  on  the 
under  side  has  a  gutter, 
or   trough-like    hollow 
(cil,  the   central  duct) 
which  is  formed  into  a 
pseudotube  (false  lube) 
by      intercrossing      of 
black    liairs.      It    will 
also  be   seen   thai,   by 
the    posterior    lutfling 
of  Uie  sheatli,  the  space 
between      tlie      folded 
membrane   (<r,  »d)   be- 
comes two  pseudotubes 
of  larger  size,  which  I 
shall  call  the  side  duels. 
"  These  central  and 
side  ducts  run  down  to 
that  part  of  the  tongue 
where    the    spoon,    or 
Iwulou    (A",    Fig.    86) 
is  plax:e<L    This  is  pro- 
vided with  ve^  delicate 
split  hairs  (b.  Fig.  80) 
capable  of  brushing  up 
the  most  niinul«  i|uan- 
tity  of  nectar,  which  by 
I'     .^       capillarity   is    at    once 
iliim>-"^|£i|p"ii'ij    transferred  by  thegath- 
''.  1" 'I""'"- T   ering  haira  (which  are 
here    numerous,    long, 
and  thin)  tn  two  side  groove-like  forms  at  the  back  of  the  bouton,  and  which 
are  really  the  opened-oul  extremity  of  the  centre  and  side  duds,  assuming, 
immediately  above  the  bouton,  the  form  seen  in  *',  Fig.  MO.     The  central  duct, 
which  is  only  from  ado  inch  to  t^'^j  inch  in  diameter,  because  of  its  smaller 
r1*^,  and  BO  greater  capillary  attraction,  receives  the  nectar,  i(  insutficient  in 
quantity  to  fill  the  side  ducts.    But  good  honey-yielding  plants  wnul<l  bring  both 
centre  and  side  ducts  into  reiiuiailion.     The  nectar  is  sucked  up  until  it  reaches 
the  paraglossje  (pn,  if,  Fig.  80),  which  are  plate-like  in  front,  but  membranous 


KiM\  of  honfj-  Ik*,  wur 
Buil.  I>lv.  Enl!  ('. : 


THE  HYPOPHARYNX 


Fh.  S<.— Toiwim  or  IlKoli  of  tb*  hMiiY  boe:  A,  nmlfr  ntde  of  the  toninv;  'ji.  labial  palpi  i 
r,  r,  roil ;  p.  [■inch :  nA,  tlmlh ;  irA.  mhrrinE  \l•^r* ;  I;  hmiton  or  apuan.    il,  iinilrr  U[i  nr  lalilum. 

duel:  rb  nnlA,  ntnclnr  llnBiuc  tihwpn :  vir,  muUIr;  Jn,  hlilol  liilH;  )"'■  tivuhuiw:  ar.  FrMllnE 
(T«•ve;*«.■he■thI1rl^pltL  r.7j,  i^ivMioRsorilEillii;  V'bvUlns  ]>lal<^orinulllii:  A.hilnat'llng 
u  urniio;  mi-,  niMllh;  Ip,  liUid  palpi;  c^,  Btda  duirt.  #',  rruM-Kciriliin  itt  eilrnnilr  of  Vmfm 
nmr  ibe  "fipnnii**^  M,  UctUeluIn;  r,  nxl;  ft,  nucleun:  0^.  (rilluiriiur  hilni,  tf,  rroHA-HV Ihin  of 
tnntriio  w1tli«it gunnring hifn.  k*M  Uinvi;  ■&,  >br*lA:  A.  bluiil  ii|iih;  (.  iniehrt;  ng.  ituttalgr* 
nnvr;  nf.  Mnul  dnct;  >rf,  klani  iliict;  /hh,  pinltrd  niembnuie.  //,  niiir  u  H.  hut  iim; rlHrd 
two  huixlRd  llmu,  mnil  with  pn,  plilUd  mnnbnne,  turned  outwardn ;  it.  ckmlnc  hilni ;  Ip,  kbU 
Indpl :  ft.  Mnmli  n.  nucltnii;  r,  rod;  >,ckH>lii|t  bain.  /.  tiiiill  nortliHi  ufthe  liiviith  ;  k'liFrliw  m 
Irfiire.    A'.  FitrernltT  ofUie  toii)p»,  witb  spoun ;  b,  bntnclilng  bdrg  Ibr  EBthvrliig.  —  Aftpr  Che^hlra. 
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exMnsIoDS,  like  small  aprons,  behind ;  and  bj  these  Uie  nectar  reaches  the  front 
of  the  tongue,  to  b«  swallowed  as  before  described." 

Cheshire  then  settles  the  question  which  has  been  in  dispute  since 
the  time  of  Swammerdam,  whether  the  bee's  tongiie  is  solid  or  tubu- 
lar. He  agrees  with  WolfE  tliat  the  duct  is  a  trough  and  not  a 
tube,  and  proves  it  by  a  satisfactory  experiment.     He  remarks: 

"  Beea  have  the  power,  by  driving  hiood  into  tlie  tongue,  of  forcing  the  rod 
out  from  the  sheatli,  and  distending  the  wrinkled  membrane  no  cimt  in  section 
it  appears  as  at  H,  Fig.  80,  the  membrane  assuming  the  form  of  a  pouch,  given 


Fin.  t7.  —  l^nglludlQSl  ixvilon  ihruusb  Ihv  hud  of  Ihv  honcv  bet.  9.Jii>i  out>)d«  of  rlichl  u- 
tenni:  "«(,  rnilfjini  wtlh  lliiw  rmiwlv-  iiuuhod  [o  ni~c.  idi.'W«.v|.l.iillr  |,UI«r;  c/.  rlyiwiw;  Ibr, 
Iftbnjiii ;  I,  ehyle^luHl  (r^yBt^ni  n^.  1.  ol  slctxtlil > ;  n.  »[H-iiln£  o(  iiw  naniv;  er,  <m-lluH  ;  hr.  hnln  ; 
n.  Deck  ;  M,  thomx  i  or,  (HOjthafrua ;  i.^,  <.e/>.  runimon  j^nltvary  diirln  of  fiv-j^lFjiiA  2  And  H ;  r,  Mil- 
Tvjr  vjilvp;  r,  cta^Q;  ph,  iih^n'ox  ;  Hiy,  iMblurii ;  nur.'p,  lib1«l  imliiL;  ml,  in?ntiim;  av,  inmllki; 
*W.  h}'p»pli«r)'BJi ;  «,  boulou.  —  After  1.  hcshlro. 

in  full  len<:tli  at  A.  It  will  be  seen  at  once  that  this  disposition  of  parts  abol- 
ishes the  Hide  ducts,  but  briuf^s  the  central  duct  to  the  external  surface.  The 
object  of  this  curious  capability  on  the  part  of  tlie  bee  is,  in  my  opinion,  to 
pennit  of  cleaning  away  any  pollen  grains,  or  oilier  impediment  tliat  nu»y  collect 
in  tiie  side  ducts.  The  membrane  is  greasy  in  nature,  and  HUbsiances  or  Huids 
can  he  removed  from  it  as  easily  as  water  from  poliHhed  uieial.  If,  now,  the 
sides  of  a  needle,  previously  dipped  into  clove  oil  in  which  rosaniliii  (magenta) 
has  been  dissolved,  no  as  to  stain  it  strongly  re<l,  be  touched  on  the  centre  of 
the  rod,  the  oil  iiumeiliatcly  enters,  and  passes  rapidly  upwards  an<l  downwards, 
filling  the  trough." 

Does  the  bypopbaTyns  represent  a  distinct  segment? — The  facts  which 
suggest  that  tlic  hypopharynx  may  possibly  represent  a  highly  mmlified  pair  of 
appendages,  arising  from  a  dJKtinct  intermaxillary  segment,  are  these :  Keyinons 
plainly  shows  that,  in  the  embryo  of  Lejiisma,  tlie  hypopharynx  originates  as  a 
transverse  segment-like  fold  in  front  of  the  2d  maxillary  segment,  and  larger 
than  it,  and  tluiugli  he  does  not  mention  it  in  his  text,  it  api>ears  like  the  rudi- 
ment of  a  distinct  segment ;  the  hypopharynx  of  Ephemeridie  arises  and  remains 
separate  in  the  nymph  fron)  the  labium  (see  Ileymons'  Fig.  20,  and  there  are 
two  lateral  projections  ;  see  also  Fig.  72,  and  Vayssiere's  view  that  it  may 
represent  a  pair  of  appendages  ;  Kolbe  also  regards  it  as  representing  a  tliird 
pair  of  maxillce,  his  endolabium,  p.  213).    'iliougli  what  u  called  an  unpaired 
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organ,  it  is  composed  of,  or  supported  by,  two  bilaterally  symmetrical  styles, 
both  in  Myriopods  (Fig.  6,  labiella,  stil)  and  in  insects  (Fig.  77,  etc.).  On  the 
other  hand,  in  the  embryo  of  pterygote  insects,  an  intermaxillary  segment  has 
not  been  yet  detected. 
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THE   THORAX   AND   ITS  APPENDAGES 

a.  Tb«  ttaonuc;  tta  e»twnal  MMtoiny 

The  middle  region  of  the  body  is  called  the  thorax,  and  in  general 
consists  of  three  segments,  which  are  respectively  named  the  pmtk't- 

rax,  mesotkorax,  and  metathomx  (Figs.  88, 89,  98). 


£c«tt^ 


The  thorax  contains  the  muscles  of  flight  and  those  of  the  legs, 
besides  the  fore  intestine  (utsophagus  and  jtroventriculus),  as  well  as, 
in  the  winged  insects,  the  sahvary  glands. 


EXTERNAL  ANATOMY  OF  TUB    THORAX 

In  the  more  gener- 
alized orders,  notably 
the  Orthoptera,  the 
three  segments  ai-e 
distinct  and  readily 
identified. 

Each  segment  con- 
sists of  the  tergtim, 
pleurum,  and  sterimm. 
In  the  prothorax  these 
pieces  are  not  sub- 
divided, except  the 
pleural ;  in  such  case 
the  tergiim  is  called 
the  pronotwn.  The 
prothorax  is  very 
large  in  the  Orthop- 
tera and  other  gener- 
alized forms,  as  also 
in  the  Coleoptera,  but 
small  and  reduced  in 
the  Diptera  and  Hy- 
men op  tera.  In  the 
winged  forms  the 
tergiim  of  the  meso- 
thorax  is  differenti- 
ated into  four  pieces 
or  plates  (sclerites). 
These  pieces  were 
named  by  Audouin, 
passing  from  before 
backwards,  the  jtne- 
gcutiim,  scutum,  ncttlet- 
lnm,&nd  poatscii  tellum. 
In  the  nymph  stage  1 
and  in  the  wingless  C 
adults  of  insects  such 
as  the  Mallophaga, 
the     true      lice,     the 

wingless  Uiptera,  ants,  etc.,  these  parts  by  disuse  and  loss  of  the 
wings  are  not  differentiated.  It  is  therefore  aiJj>ai'ent  that  their 
development  depends  on  that  of  the  muscles  of  flight,  of  which  they 


i 


A.  b-rvi  view  of  lli 
poitMulcllum :  t,  Isguli. 
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form  the  base  of  attachment.    The  scutum  is  invariably  present,  as 

is  the  scutellum.     The  former  in  nearly  all  insects  constitutes  the 

larger  part  of  the  terfjum,  while  the  latter  is,  as  its  name  implies,  the 
small  shield-shaped  piece 
directly  behind  the  scutuin. 
The  pr^esciitum  and  post- 
scutelliim  are  usually  mi- 
nute and  crowded  down  out 
of  sight  between  the  oppos- 
ing segments.  As  seen  in 
Fig.  90,  the  praiscutitm  of 
most  moths  (Telea)  is  a 
small  rounded  piece,  bent 
vertically  down  so  as  not 
to  be  seen  from  above.  In 
I'olystuechotes  and  also  in 
Hepialus  the  priescutiim  is 
large,  well-developed,  tri- 
angular, and  wedged  in 
l)etween  the  two  halves  of 

the  scutum.      The  ixistsr.utellum  is  still  smaller,  usually  forming  a 

transverse  ridge,  and  is  rarely  used  in  taxonomy. 

The  metathorax  is  usually  smaller  and  shorter  than  the  mesotho- 

rax,  being  proportioned  to 

the  size  of  the  wings.     In 

certain  Neuroptera  and  in 

HepialidiH   and  some  tin- 

eoid     moths,     where    the 

hind  wings  are  nearly  as 

large    as    those    of    the 

anterior    pair,    the    meta- 
thorax is  more  than  half 

or    nearly    two-thirds    as 

large  as   the   mesothurax. 

In  Hepialidie  the  priescu- 

tuin  is  large  and  distinct, 

while    the    scutum    is  di- 
vided    into     two    widely 

separated      pieces.       The 

postscutellnm  is  nearly  or  quite  obsolete. 

The  pleurum  in  each  of   the  three  thoracic  segments  is  divided 

into  two  pieces  ;  the  one  in  front  is  called  the  ejiixterinim,  since  it 
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rests  upon  the  sternum ;  the  other  is  the  epimerum.     To  these  pieces, 
with  the  sternum  in  part,  the  legs  are  articulated  (Fig.  89). 

Between  the  episterna  is  situated  the  breastplate  or  sternum, 
which  is  very  large  in  the  more  primitive  forms,  as  the  Orthoptera, 
and  is  small  in  the  Diptera  and  Hymenoptera. 

The  episterna  and  epimera  are  in  certain  groups,  Neuroptera,  etc., 
further  subdivided  each  into  two  pieces  (Fig.  102).  The  smaller 
pieces,  hinging  upon  each  other  and  forming  the  attachments  of  the 
muscles  of  flight,  differ  much  in  shape  and  size  in  insects  of  different 
orders.  The  difference  in  shape  and  degree  of  differentiation  of  these 
parts  of  the  thorax  is  mentioned  and  illustrated  under  each  order, 
and  reference  to  the  figures  will  obviate  pages  of  tedious  description. 
A  glance,  however,  at  the  thorax  of  a  moth,  fly,  or  bee,  where  these 
numerous  pieces  are  agglutinated  into  a  globular  mass,  will  show 
that  the  spherical  shape  of  the  thorax  in  these  insects  is  due  to  the 
enlargement  of  one  part  at  the  expense  of  another ;  the  prothoracic 
and  metathoracic  segments  being  more  or  less  atrophied,  while  the 
mesothorax  is  greatly  enlarged  to  support  the  powerful  muscles  of 
flight,  the  fore  wings  being  much  larger  than  those  aj)pended  to  the 
metathorax.  In  the  Diptera,  whose  hinder 
pair  of  wings  are  reduced  to  the  condition  of 
halteres,  the  reduction  of  the  metathorax 
as  well  as  prothorax  is  especially  marked 
(Fig.  91). 

The  patagU.  —  On  each  side  of  the  pro- 
notum  of  Lepidoptera  are  two  transversely 
oval,  movable,  concavo-convex,  erectile  plates, 
called  patagia  (Fig.  92).  On  cutting  those  of 
a  dry  Catocala  in  two,  they  will  be  seen  to  be         „      „«     L    . 

•'  ,  ^^^-   »2.  —  Prothorax    of 

hollow.       Cholodkowsky  *  states  that   they  are        Geometra     pajiiUouayia  : 

tilled  with  blood  and  tracheal  branches;  and      Rtemmn:  V>'/ i>ata<ria :'  m\ 

membrane;  /.   femur;   A,  a 

he  went  so  far  as  to   regard  them  as  rudi-     hook  bent  backwards  and 

,  .  .  .  1.1.,  beneath,  and  connectinj:  the 

mentary  prothoracic  wings,  m  which  view  he      pro-  with  the  mesothorax.  — 

,    ,        -^  o       ,  ,  After  I'holodkovskv. 

was  corrected  by  Haase,  who  compares  them 

with  tlie  tegulse,  regarding  tliem   also  as  secondary  or  accessory 

structures. 

The  teg:ulae. — On  the  mesothorax  are  the  teguhv  of  Kirby  (pten^- 
godes  of  Latreille,  paraptera  of  MoLeay,  hypopt^re  or  sfpiamule),  which 
cover  the  base  of  the  fore  wings,  and  are  especially  developed  in  the 
Lepidoptera  (Fig.  90,  A,  t)  and  in  certain  Hymenoptera  (Fig.  95,  c). 

1  Cholodkowskj',  Zool.  Anz.,  ix,  p.  615;  z,  p.  102. 
^  Zool.  Adz.,  ix,  p.  711. 
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The  external  opening  of  the  spiracles  just  under  the  fore  wings,  is 
situated  in  a  little  plate  called  by  Audouin  the  peritreme. 

In  the  higher  or  aculeate  Hymenoptera,  besidea  the  three  segments 
normally  composing  the  thorajc,  the  basal  abdominal  segment  is 
during  the  change  from  the  larva  to  the  pupa  transfen-ed  t«  this 
region,  making  four  segments.  This  first  abdominal  is  called  "  the 
median  segment"  {Figs.  93-95),     In  such  a  case  the  term  tt/itrunk 


s  lieeii  applied  to  this 
Latreille  wrongly  stated  that 
segment  also  entered  into  the  c 
has  fully  disproved  that 


.e.  the  thorax,  as  thus  constituted, 
the  Diptera  the  first  abdominal 
position  of  the  thorax  ;  but  Brauer 
be  seen  by  an  examination  of 


his  sketches  which  we  have  copied  (Fig.  94). 

The  sternmn  is   in  rare  cases  subdivided  into  two  halves,  as  in 
the  meso-  and  metathorax  of  the  cockroach;  in  Forficula  the  pro- 
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sternum   is    divided    into   four  pieces  besides  the  sternum  proper 
(Fig.  96);  and  in  Einbia,  also,  the  steruites,  according  to  Sharp,  are 

complex. 

The  apodemes.  —  The  thorax  is 

supported   within    by    beam-like 


hi 


.  >S.  — AUlnink  at  SiAir  c/iryUn^  A, 
nw  upwt ;  a,  pronotuin ;  b.  ineK<ni>tum ; 
tpf  Ilia ;  ft,  bue  of  fore.  —  0,  of  bind,  vlng ; 


./.  tfiilnl  lilita  of  median  tttmtax ;  r.  co»».-      ^"!"' 'I',''.'?,'!  J™.* 'l'^;;  ."l" i™'-."!  '  "*"■• 
AHw  Sli«|..  "  ■  "«"»""""» .  «r,  eoM .  bcH,  nutum. 

processes,  or  aiwdemes,  which  pass  inward  and  also  form  attach- 
ments for  the  muscles.  Those  ]>assing  up  from  the  sternum 
form  the  entothorax  of  Audouin, 
and  the  process  of  each  thoracic 
segment  is  called  respectively 
the  ail tef urea,  me'fi/un-n,  and 
post/iirca.  In  the  Orthoptera 
(Calopteiius  and  Anabriis),  the 
antefui'ca  is  large,  thin,  flattened, 
directed  forward,  and  btmnds  Kr^"  v^'piMJ^rn'r*":^^™™^^ 
eacli  side  of  the  prothoracic  ■"'"■ni«»'>'«'""'iH>™i. 
ganglion.  In  the  Coleoptera  two  plates  (Fig.  97,  2.  s)  arise  from  the 
inside  of  the  sternum  and  "  form  a  collar  or  leave  a  circidar  hole 
between  them  for  the  passage  of  the  nervous  cord"   (Xewport). 
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The  medifurca  is  a  pair  of  flat  proccBses  which  diverge  and 
bridge  the  cominisaiire,  while  the  postfui-ea  is  situated  under  the 
commissure.      In  beetles  (Dyticus)  Newport  states  that    it  is  ex- 


Fle.  BK.  —  Meti>-l(;,>Dni1inel 
(inKlia  {I! A  Tlth  the  apodciiiM  i 
UlpB.  —  Aher  Grsbrr. 

panded  into  two  broad  plates,  to  which  the  muscles  of  the  pos- 
terior legs  are  attached.  Gi-aber  also  notices  in  the  mole  cricket 
between  the  apodemes  of  the  raeso-  and  metathorax,  a  flattened 
spine  (Fig.  98,  do)  with  two 
perforations  through  which 
pass  the  commissures  con- 
necting the  ganglia.  Besides 
these  processes  there  are 
large,  thin,  longitudinal  par- 
titions passing  down  from 
the  tergum  (or  dorsum), 
called  pkragiiias;  they  are 
most  developed  in  those 
insects  which  fly  best,  i.e. 
in  Coleoptera  (Figs.  97-101), 
Lepidoptera,  Diptera,  and 
Hymenoptera,  none  being 
developed  in  the  pi-othorax. 

(The  term  pliragmn  has  also    ' 

been  applied  to  a  partition  formed  by  the  inflexed  hinder  edge 
of  this  segment,  and  is  present  only  in  those  insects  in  which 
the  prothorax   is  movable. — Century  Dictionary.)      All  these   in- 


Tie.  1(10.  —  PirU  or  tb#  mtUthonii  of  Djtlci 
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growths  may  be  in  general 

termed  apodevies.  There 
are  siiiiilar  structures  iu 
Crustacea  and  also  in  Limu- 
lus;  but  Sharp  restricts  this 
tenu  to  minute  projections 
in  beetles  (Goliathns)  situ- 
ated at  the  sides  of  the 
thorax  near  the  wings.  (In- 
secta,  p.  103,  Fig.  57.)  The 
internal  processes  arising 
from  the  sternal  region  have 
been  called  eiidosterniles. 

The  scetsbuU.  —  These  are 
the  cavities  in  which  the 
legs  ai-e  inserted.  They  are 
situated  on  each  side  of  the 
posterior  part  of  the  ster- 
num, in  each  of  the  thoracic 
segments.  They  are,  in  gen- 
eral, fui'Uied  by  an  approxi- 
mation of  the  stei-num  and 
epimerum,  and  sometimes, 
also,  of  the  epistemum,  as  in 
Dyticus  (Fig.  97,  A).  This 
consolidation  of  parts,  says 
Newport,  gives  an  amazing 
increas.  of  strength  to  the 
segments,  and  is  one  of  the 
circumstances  which  enables 
the  insect  to  exert  an  aston- 
ishing degi-ee  of  muscular 
power. 


Fi«.  im 
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Tabular  View  of  the  Segments,  Pieces,  axd  Appendages  of 

THE  Thorax 


Namk  or  9k«mbict 


1.  Prothorax 


2.   Mesothorax 


3.   Metathorax 


PlK4'R8  (SOLKRITKH) 


Pronotum,  sometimes 

dififerentiated  into 

Scutum 

Scutellum 

Episteriium 

Epimerum 

Sternum 

Antefurca 

• 
Pnescutum 

Scutum 

Scutellum 

Proscutellum 

Episternum 

Epimerum 

Sternum 

Mesofurca 

Mesophragma 

Apodemes 

Pra'scutum 

Scutum 

Scutellum 

Postscutellum 

Episternum 

Epimerum 

Sternum 

Post  f  urea 

Metapliragma 

Apodemes 


Al'I'KNDAKKH 


1st  pair  of  legs 
Patagia 


2d  pair  of  legs 
1st  pair  of  ^vings 
Tegulae 

Squamte  (Alulae) 
Peritreme 


3d  pair  of  legs 
2d  pair  of  wings 
(Hal teres  of  Diptera) 


6.  The  legs:  their  stracture  and  fanctioDB 

The  mode  of  insertion  of  the  legs  to  the  thorax  is  seen  in  Figs.  90, 
97,  101,  and  103.  They  are  articulated  to  the  episternum,  epimerum, 
and  sternum,  taken  together,  and  consist  of  iive  segments.  The 
basal  segment  or  joint  is  the  a}xa,  situated  between  the  episternum 
and  trochanter.  The  coxa  usually  has  a  posterior  subdivision  or 
projection,  the  trochantine ;  sometimes,  as  in  Mantispa  (Fig.  103),  the 
troohantine  is  obsolete.  We  had  previously  supposed  that  the  tro- 
chantine  was  a  separate  joint,  but  now  doubt  whether  it  represents 
a  distinct  segment  of  the  leg,  and  regard  it  as  only  a  subdivision  of 
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the  coxa.  It  is  attached  U>  the  epiinerum,  aiid  is  best  developed  in 
I'auorpidse,  Trichoptera,  and  Lepidoptera.     In  the  Thyaanura  the 

trochantine  is  wanting,  and  in  the  cockroach  it  merely  forms  a  sub- 
division of  tlie  coxa,  its  use  l>eing  to  support  the  latter.  The  second 
segment  is  the  trochanter,  a  niore  or  less  short  spherical  joint  on 
which  the  leg  proper  turns ;  in  the  parasitic  groups  (Ichueumonida;, 


Fie.  102.  — EitenuliuitnTrj-or  Uh 

■lernum;Sa,  pmiiMroD:  8*.  «oji»;< 
4  'I,  poitKUMlutii ;  4  fl.  uviilA ;  4/.  e|i 


etc.,  Fig.  104)  it  is  nsiially  divided  into  two  pieces,  though  there  are 
some  exceptions.  The  trochanter  is  snceeeded  by  the  femur,  tihia, 
and  tarKHH,  the  latter  consisting  of  from  one  to  five  segments,  the 
normal  number  being  five.  Tuffen  West  believed  that  the  pulvillus 
is  the  honiologue  of  an  additional  tarsal  joint,  "  a  sixth  tarsiil  joint." 
The  last  tarsal  segment  ends  in  a  pair  of  freely  movable  claws 
(ungues I,  which  are  niotlified  setii- ;  between  the  claws  is  a  cushiim- 
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JMESO 


mm. 


Fio.  108.  —  side  view  of  ine»o-  and  meta- 
thorax  of  Man ti*ptt  bmnnea^  Bhowin^f  the  upix»r 
and  lower  divlnloDA  of  the  ei>lineriun  (m.  fnt\ 
¥.  em'\  i.  em\  i.  eiw");  «.  epia^  i.  epitt'\  the 
Mune  of  the  eplBteroain. 


like  pad  or  adliesive  lobe  called  the  empodium  or  pulvillns  (Fig.  105, 
also  variously  called  aroUum,  palmulaj  lylantulay  onychium,  its  ap- 
pendage being  called  parony- 
chium  and  zX^o  pseudomjchiuhi). 
It  is  cleft  or  bilobate  in  many 
flies,  but  in  Sargiis  trilobate. 
All  these  parts  vary  greatly  in 
shape  and  relative  size  in  in- 
sects of  diiferent  groups,  espe- 
cially Trichoptera,  Lepidoptera, 
Diptera,  and  Hymenoptera.  In 
certain  flies  (e.g.  Leptogast-er) 
the  empodium  is  wanting 
(Kolbe).  By  some  writers  the 
middle  lobe  is  called  the  em- 
podium and  the  two  others 
jml  villi. 

The  fore  legs  are  usually 
directed  forward  to  drag  the  body  along,  while  the  middle  and 
hind  legs  are  directed  outward  and  backward  to  push  the  body 
onwards.  While  arachnids  walk  on  the  tip  ends  of  their  feet, 
myriopods,  Thysanura,  and  all  larval  insects  walk  on  the  ends  of 
the  claws,  but  insects  generally,  especially  the  adults,  are,  so  to 

speak,  plantigrade,  since  they  "walk  on  all  the 
tarsal  joints.  In  the  aquatic  forms  the  middle 
and  hind  tarsi  are  more  or  less  flattened,  oar-like, 
and  edged  with  setae.  In  leaping  insects,  as  the 
locusts  and  grasshoppers,  and  certain  chrysomelids, 
the  hind  femora  are  gi-eatly  swollen  owing  to  the 
development  of  the  muscles  within.  The  tibia, 
besides  bearing  large,  lateral,  external  spines,  occa- 
sionally bears  at  the  end  one  or  more  spines  or 
spurs  called  calcaria.  The  fore  tibia  also  in  ants, 
etc.,  bear  tactile  hairs,  and  chordotonal  organs,  as 
well  as  other  isolated  sense-organs  (Janet),  and,  in 
grasshoppers,  ears. 

lu  the  Carabidse  the  legs  are  provided  with  combs 
for  cleaning  the  antennae  (Fig.  107),  and  in  the  bees  and  ants  these 
cleansing  organs  are  more  s})pcialized,  the  pectinated  spine  (calcar) 
being  opposed  by  a  tarsal  comb  (Fig.  106,  d ;  for  the  wax-pincers  of 
bees,  see  g).  In  general  the  insects  use  their  more  or  less  spiny 
legs  for  cleansing  the  head,  antennae,  palpi,  wings,  etc.,  and  the 
II 


Fio.  104.  — Divided 
(ditrochous)  trochanter 
of  an  ichneumon  :  cor, 
c»»xa :  /r,  the  twq  divia- 
v*ns  of  the  troehan- 
ter ;  /,  femur.  —  After 
Fharp. 
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adaptations  for  that  end  are  the  biJstles  or  spinules  on  the  legs, 
esiJei-ially  the  tibia;, 

Osten  Sacken  states  that  among  Diptera  the  aerial  forms  (lifiniby- 
liilie,  etc.)  with  their  large  eyea  or  lioloptic  heads,  which  carry  with 


<i«\i:  /k.  L 


unp :  A,  nnArr  vlen  of  fVtoi ; 


tlieiu  the  i>ower  of  hovering  or  [loisiiif;,  have  weak  legs,  principally 
tit  for  alighting.  On  the  other  hand,  the  jiedestrian  or  waikin,^ 
Diptera  (AsilJilie,  ett.)  "  use  tlip  legs  not  for  alighting  only,  but  for 
niiniing,  and  all  kinds  of  other  work,  seizing  their  pvey,  carrying 


Ki.i.  I1W.- V.»lin.inli>n«  of  III"  l-e^  •■(  .llir,T,i.i  h.Tj.      A.  M-i'-.  II.  »i«-|i1n»r  •ml  >m\rT 
ini.'sulrilr^Uor"  j«lnt,'^X™kr(>Mi'.'^— iCiu'y^^^^ 
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,it,  climbing,  digging,  etc.;   their  legs  are  piovided  not  only  with 
spinea  and  bristlea,  but  with  still  other  ap])endagea,  which  may  lie 
useful,  or  ouly  ornaiaeiital,  as  secondary  sex\ial  char- 
acters." 

Teneat  balra.  —  I'rojectiiig  from  the  lower  surface 
of  the  empodium  are  the  numerous  "  tenent  hairs,'' 
or  holding  hairs,  which  are  modified  (glandular  sets 
swollen  at  the  end  and  which  give  out  a  minute 
quantity  of  a  clear  adhesive  fluid  {Figs.  108,  109, 
l'i(),  134).  In  larval  insects,  and  the  adults  of  certain 
beetles,  Coccidie,  Aphidte,  and  Collembola,  which  have 
no  enipo<]ium,  there  are  one  or  more  of  these  tenent 
hairs  ])resent.  They  enable  the  insect  to  adhere  to 
smooth  surfaces. 

Striking  sexual  secondary  characters  ai>pear  in  the 
fore  legs  of  the  male  Hydrophilus,  the  iu.sect,  as 
Tuffen  \\>st  observes,  walking  ou  the  end  of  the  tibia 
alone  and  dragging  the  tai-sus  after  it.  The  last  tarsal 
joint  is  enlarged  into  the  form  of  an  iri-egular  hollow        Fh^.  ui^.-EwI 

nf  ilbb  «i»l  urml 

shield.     The  most  completely  suctorial  feet  of  insects     >iintii  ..f  Aii..|iIi- 
are  those  of  the  anterior  jiair  of  Dyticus  (Fig.  \^'2). 
The  under  side  of  the  three  basal  joints  is  fused  together  and  enlarged 
into  a  single  broad  and  nearly  circular  shield,  which  is  convex  above 


i|i]icr  nUv;  n,llB  niatrlx;  ch*,  tb«  §oie;  i 

iikin  tneheft.  ftnin  which  lirrHS  a  bnnch  {/'> ;  'fr,  tfia 


and  fringed  with    fine   branching  hairs,  and  covered  l)eneath  with 
suckers,  of  which  two  are  exceptionally  large;  by  this  ajiparatus  of 
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SQckerB  the  male  is  enabled  to  adhere  to  the  back  of  its  mate  during 
copulation.  The  fine  branching  hairs  around  the  edge  prevent  the 
water  from  penetrating  and 
thus  destroying  the  vacuum, 
"  while  if  the  female  struggle 
out  of  the  water,  by  retain- 
ing the  fluid  for  some  time 
around  the  sucker,  they  will 
in  like  manner  under  these 
altered  conditions  equally 
tend  to  preserve  the  effectual 
contact."     (Tuffen  West.) 

In  the  saw-flies  (Urocerida 

and     Tenthredinidae)      and 

other  insects,  there  are  small 

iM  —  r  tin  th     rhu       of  membranous    oval    cushions 

M.  MOcuta  of  u7K?*^id^-T,  M'™"',V"l"ie;   {arolia,    Figs.   109  and  131) 

e* ,  tiibutoled  liiv»r:  eh  ,  limeHaM  Uver;  c*"',  loiisr    ^  '  o  ' 

pni|MiLon»  nf  cA".  Ortier  loitering  M  In  Fig.  101.   sm   beneath  each  or  nearly  each 

p.llB.  — AfMrDsirlu.  ,    .    .  •' 

tarsal  joint 

The  triungutine  Ibttib  of  the  Meloids  are  bo  callt^d  from  apparently  having 
three  ungues,  but  in  reality  there  is  only  a  single  claw,  with  a  claw-like  bristle 
on  each  aide. 

Why  do  inaects  have  but  six  legs  ?  —  Embryolo^  HhowB  that  the  ancestor 
of  Iniiectfl  were  poiypotlous,  and  the  qucHtioii  arises  to  what  cause  Is  due  tlie 
process  of  elimination  of  legs  in  the  ancestors  of  exisliiig  insects,  so  that  at 
present  there  are  no  functional  legs  on  the  abdomen,  these  being  invariably 
restricted  (except  in  caterpillars)  to  the  thorax,  and  llie  number  never  \x\\\% 
more  than  six.  It  is  evident  that  the  number  of  six  legs  was  fixed  by  heredity 
in  the  Thyaaiiura,  before  the  appearance  of  winged  insects..  We  had  thouahl 
that  this  restriction  of  legs  to  the  thorax  was  in  part  due  to  llie  fact  that  this 
is  the  centre  of  gravity,  and  also  because  abdominal  legs  are  not  necessary 
in  locomotion,  since  the  fore  le^s  are  used  in  dragging  the  in.'tect  forwards,  while 
the  two  hinder  pairs  support  and  push  the  body  on.  Synchronously  with  this 
elimination  by  tlisuse  of  the  abdominal  legs,  the  body  became  shortened,  and 
subdivided  into  three  regions.  On  the  other  hand,  as  in  caterpillars,  with 
their  long  bodies,  the  abdominal  legs  of  the  embryo  persist;  or  if  it  be  granieil 
that  the  prop. legs  are  xecondary  stmclures.  then  they  were  develope<l  in  larval 
life  to  prop  up  and  move  the  abdominal  region. 

The  constancy  of  the  number  of  six  legs  is  explained  by  Dshl  as  being  in  rela- 
tion to  their  function  as  cliniblnp;  organs.  One  le$:,  he  says,  will  simont  always 
be  perpendicular  to  the  plane  when  the  animal  is  moving  up  a  vertical  siirfnce  \ 
and,  on  the  other  hand,  we  know  that  three  is  the  smallest  number  with  which 
stable  equilibrium  is  jmssible  ;  an  Insect  must  therefore  have  twice  Ihii*  immber, 
and  the  great  numerical  superiority  of  the  class  may  be  associated  with  this 
mechaiucal  advantage.  (This  numerical  superiority  of  insecis,  however,  si^ms 
to  us  to  be  rather  due  to  the  acquisition  oE  winpi,  as  we  have  already  stated  on 
pages  2  and  120. 
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LoM  of  limbs  by  disuse.  —  Not  only  are  one  or  both  claws  of  a 
single  pair,  or  those  of  all  the  feet  atrophied  by  diause,  but  this  pro- 
cess of  reduction  may  extend  to  the  entire  limb. 

In  a  fen  insecte  oae  of  the  claws  of  each  foot  Is  atrophied,  as  In  the  feet  of 
the  Pediculidte,  of  many  Mallopha^,  all  of  the  Coccidn,  in  Bitlocus,  Hybtua 
(i^)rthoptera),  several  beetles  of  the  family  I'selaphldie,  and  a  weevil  (Brachy- 
bamus).  Koplia,  etc.,  bear  but  a  single  claw  on  the  hind  feet,  while  the  allied 
Gymnoloina  bas  only  a  single  claw  on  all  the  feet.  Cybieter  haa  In  general  a 
single  immovable  claw  on  the  hind  feet,  but  Ci/bitter  scuteliaris  has,  according  to 
Sharp,  on  the  same  feet  an  outer  small  and  movable  claw.  In  the  water  bugs, 
BeloBtoma,  etc.,  the  fore  feet  end  in  a  single  claw,  while  in  otheiB  (Corisa)  both 
clawB  are  wanting  on  the  fore  feet.  Corisa  also  has  no  claws  on  the  hind  feet ; 
Notonecta  has  two  claws  on  the  anterior  four  feet,  but  none  on  the  hind  pair. 
In  DiplonychuB,  however,  there  are  two  small  claws  present.     (Kolbe.) 

Among  the  Scarab^eidte,  the  individuals  of  both  sexes  of  the 
fossorial  genus  Ateuchus  (_A.  sacer)  and  eight  other  genera,  among 
them  Deltockitum  gibboimm  of  the  United  States,  have  no  tarsi  on 
the   anterior   feet   in   either  sex.  %tr 

The    American    genera   Ph  an  reus 
(Fig.  Ill),  Gromphas,  and  Streb- 

lopus  have  no  tarsal  joints  in  the  ^ 

male,  but  they  are  present  in  the 
female,  though  much  reduced  in 
size,  and  also  wanting,  Kolbe 
states,  in  many  species  of  Phar 
nseus.  The  peculiar  genus  Steno- 
sternus  not  only  lacks  the  anterior 
feet,  b»it  also  those  of  the  second  , 
and  third  pair  of  legs  are  each 
reduced  to  a  vestige  in  tlie  shape 
of   a   simple,    spur-like,   clawless 

joint.     The  ungual  jomt  is  want    r.«ignH>,  rt™«n » tf  i™.s|»™iii  w .ho*  ih.- 
ing  in  the    weevil   Anoplns,  and     [lla'e ;  ^"'if.l'Qrof  ii^Heiot  muKis^  ""^^^^ 
becomes  small  and  not  easily  seen     ?hi,!Iiki"n™.Trt£^"7*'-*?r*"w™^ 
in  four  other  genera.  ?w^£iiVi,;:™','---''S^r7.ci:C.Vm  K*ib'" 

Ityder  states  that  the  evidence  that  the  absence  of  tore  tarsi  in  AMuchus  is 
due  to  tlie  inheritance  of  their  loss  by  mutilation  is  uncertain  l>r  Horn  bng- 
gests  that  cases  like  At«uchus  and  Deltochilum,  etc,  "might  be  used  as  an 
evidence  of  the  persistence  of  a  character  gradnaily  acquired  through  repeated 
mutilation,  that  is,  a  loss  of  the  tarsus  by  the  digging  which  these  insecl«  per 
form."  On  the  other  hand,  the  numerous  species  of  Phanccui  do  <|U](e  as  much 
digging,  and  the  anterior  tarsi  of  the  male  only  are  wanting.  '■  It  is  true,"  he 
adds,  '■  that  many  females  are  seen  which  have  lost  their  anterior  tarsi  by 
digging ;  have,  in  fact,  worn  them  off ;  but  in  recently  developed  specimens  the 
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front  tarsi  are  always  absent  in  the  males  and  present  in  the  females.  If 
repeated  mutilation  has  resulted  in  the  entire  disappearance  of  the  tarsi  in  one 
fossorial  insect,  it  is  reasonable  to  infer  that  the  same  results  should  follow  in 
a  related  insect  in  both  sexes,  if  at  all,  and  not  in  the  male  only.  It  is  evident 
that  some  other  cause  than  inherited  mutilation  must  be  sought  for  to  explain 
the  loss  of  the  tarsi  in  these  insects.*^  (Proc.  Amer.  Phil.  Soc.,  Philadelphia, 
1889,  pp.  629,  642.) 

The  loss  of  tarsi  may  be  due  to  disuse  rather  than  to  the  inheri- 
tance of  mutilations.     Judging  by  the  enlarged  fore  tibiae,  which 

seem  admirably  adapted  for  digging,  it  would  appear 
as  if  tarsi,  even  more  or  less  reduced,  would  be  in  the 
way,  and  thus  would  be  useless  tx)  the  beetles  in  dig- 
ging.     Careful  observations   on  the  habits  of  these 
beetles  might  throw  light  on  this  point.     It  may  be 
added  that  the  fore  tarsi  in  the  more  fossorial  Cara- 
bidae,  such  as  Clivina  and  Scarites,  as  well  as  those  of 
the  larva  of  Cicada  and  those  of  the  mole  crickets  (Fig. 
Fio.in.  — Fore    l^^)?  ^^^  morc  or  less  reduced;  there  is  a  hypertro])hy 
c«ri'/?2"''^    of  the   tibiae  and  their   spines.      The   shape  of  the 
nhowjng  no  trace    tibia    in    thcsc    iusccts,    which    are    flattened    with 

of  the  tarsus.  ' 

several  broad  triangular  spines,  bears  a  strong  resem- 
blance to  the  nails  or  claws  of  the  fossorial  limbs  of  those  mam- 
mals which  dig  in  hard  soil,  such  as  the  armadillo,  manis,  aardvark, 
and  Echidna.  The  principle  of 
modification  by  disuse  is  well 
illustrated  in  the  following  cases. 
In  many  butterflies  the  fore 
legs  are  small  and  shortened,  and 
of  little  use,  and  held  pressed 
against  the  breast.  In  the  Lycae- 
nidaB  the  fore  tarsi  are  without 
claws;  in  Erycinidae  and  Liby- 
theidae  the  fore  legs  of  the  males 
are  shortened,  but  completely  de- 
veloped in  the  females,  while  in 
the  Nymphalidae  the  fore  legs  in 

both  sexes  are  shortened,  consist-  p.^    112. -Fore  leg  of  the  molecrlcket :  .1. 

ing  in  the  males  of  one  or  two  '^^^J^^  ^'  '""^'^'  •^'^J'^*'^^  ^'  «»"*»»».- Afi^r 
joints,  the  claws  being  absent  in 

the  females.  Among  moths  loss  of  the  fore  tarsi  is  less  frequent. 
J.  B.  Smith  ^  notices  the  lack  of  the  fore  tarsi  in  the  male  of  a 
deltoid,  LitogncUha  nuhiUfasciaJta  (Fig.  113),  while  the  hind  feet  of 

1  Ent.  Amer.,  v,  p.  110,  PI.  II,  Fig.  7. 
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Hepialus  hectus  are  shortened.      In  an  aphid  {Mastopoda  pteridis, 
CEsl.)  all  the  tarsi  are  reduced  to  a  single  vestigial  joint  (Fig.  114). 

Entirely  legless  adult  insects  are  rare, 
and  the  loss  is  clearly  seen  to  be  an  adapta- 
tion due  to  disuse ;  such  are  the  females  of 
the  Psychidae,  the  females  of  several 
genera  of  Coccidae  (Mytilaspis,  etc.),  and 
the  females  of  the  Stylopidae. 

Apodous  larval  insects  are  common,  and 
the  loss  of  legs  is  plainly  seen  to  be  a 
secondaiy  adaptive  feature,  since  there  are 
annectant  forms  with  one  or  two  pairs  of 
thoracic  legs.  All  dipterous  and  siphonap- 
terous  larvae,  those  of  all  the  Hyraenoptera 
except  the  sawflies,  a  few  lepidopterous 
larvae,  some  coleopterous,  as  those  of  the 
Rhyncophora,  Buprestidae,  Eucnemidae,  and 
other  families,  and  many  Cerambycidae  are 
without  any  legs.  In  Eupsalis  minuta, 
belonging  to  the  Brenthidae,  the  thoracic 


Fig.  1  IB.  —  Leg  of  Liio^natlm : 
ea",  coxa;/,  femur;  ^  ilbla;  *»/;. 
Its  epiphyM^,  and  «/t,  it9  shield-like 

f»rocess.*The  tarsus  entirely  wani- 
ng. —  After  Soilth. 


legs  are  minute. 


The  legs  of  larvae  end  in  a  single  claw,  upon  the  tips  of  which  the 
insect  stands  in  walking. 


c.  Locomotion  (walking,  climbing,  and  swimming) 

Meclianics  of  walking.  — To  Graber  we  owe  the  best  exposition  of 
the  mechanics  of  walking  in  insects. 

**  The  first  segment  of  the  in.sect  leg,"  he  says,  **  upon  which  the  weight  of 
the  body  rests  first  of  all,  is  the  coxa.  Its  method  of  articulation  is  very  differ- 
ent from  that  of  the  other  joints.  The  enarthrosis  af[oi*ds  the  most  extensive 
play,  particularly  in  the  Hymenoptera  and  Diptera." 

In  the  former  the  development  of  their  social  conditions  is  very  closely  con- 
nected with  the  freest  possible  use  of  the  legs,  which  serve  as  hands.  In  the 
beetles,  however,  which  are  very  compactly  built,  tiiere  exists  a  solid  articula- 
tion whereby  the  entire  hip  rests  in  a  tent-like  excavation  of  the  thorax,  and  can 
only  be  turned  round  a  single  axis,  as  may  be  seen  in  Fig.  115,  where  c  repre- 
sents the  imaginary  revolving  axis  and  d  the  coxa.  In  the  case  we  are  suppos- 
ing, therefore,  only  a  backward  and  forward  movement  of  the  coxa  is  possible, 
the  extent  of  the  play  of  which  depends  on  the  size  of  the  coxal  pan,  as  well 
as  certain  groin  or  bar-like  structures  which  limit  further  rotation.  In  the  very 
dissimilar  arrangement  which  draws  in  the  fore,  middle,  and  hind  legs  toward 
the  body  it  is  self-evident  that  their  extent  of  action  is  also  different.  This 
arrangement  seems  to  be  most  yielding  on  the  fore  legs,  where  the  hips,  to  con- 
fine ourselves  to  the  stag-beetles,  can  be  turned  backward  and  forward  00°  from 
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the  middle  or  normal  position,  and  therefore  describe  on  the  whole  a  curve 
of  120^  The  angle  of  turning  on  the  middle  leg  hardly  exceeds  a  legitimate 
limit,  yet  a  forward  as  well  as  a  backward  rotation  takes  place.    The  former  is 

entirely  wanting  in  the  hind 
*  *  hips ;  they  can  only  be  moved 

backward. 

The  number  and  strength 
of  the  muscles  on  which  the 
rotation  of  the  hips  depends^ 
correspond  with  these  varying 
movements  of  the  individual 
legs.  Thus,  according  to 
Straus  Durckheim,  the  fore 
coxa  of  many  beetles  pos- 
sesses live  separate  muscles 
and  four  forward  and  one 
backward  roll ;  the  middle 
coxa  a  like  number  of  muscles 
but  only  two  forward  rolls, 
while  the  hind  hips  succeed 
in  accomplishing  each  of  the 
motions  named  with  a  single 
muscle. 

One  can  best  see  how  these 
muscles  undertake  their  work, 
and  above  all  how  they  are 
situated,  if  he  lays  bare  the 
prothorax  of  the  stag  beetle  (Fig.  116).  Here  may  be  seen  first  the  thick 
muscle  which  turns  to  the  front  the  rotating  axis  in  its  cylindrical  pan,  and 
thus  helps  to  extend  the  leg,  while  two  other  tendons,  which  take  the  opposite 
direction,  are  fitted  for  reflex  movements. 


Fio.  114.  —  Leff  of  an  Aphid,  with  the  tarsus  (t)  much 
reduced  :  1,  2,  8,  legs  of  1st,  2d,  and  3d  pairs. 


Fio.  II.'S  —  Mochanics  of  an  insect's  lei;:  d.  coxa,  —  c,  axis  of  revolution:  a  and  h,  the  coxal 
muscles;  e,  trochanter  muscle  (elevator  of  the  femur);  /.  extensor,  —  gr,  tiexor,  of  the  tibia  (;>«>; 
n,  tibial  spine:  h.  tiexor.  —  i,  extensor,  of  the  foot;  Ir,  extensor,  —  /,  riexcir,  of  the  claw;  />o, 
place  of  flexure  of  the  tibia ;  jAg.  lejf  after  beini;  turned  back  by  the  coxa,  —  jAr,  by  the  siiuul- 
Uneous  flexure  of  the  tibia  The  resulting  motion  of  the  end'  of  the  tibia,  through  the  simul- 
taneous movement  (no)  and  revolution  inq),  indicates  the  curve  nr.  —  After  (»raber. 

In  Fig.  116  the  muscles  mentioned  above,  and  their  modes  of  working,  may 
be  distinguished  by  the  arrows  a  and  b. 

In  order  to  simplify  matters,  we  will  imagine  the  second  component  part 
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o(  the  nonnfti  iosect  leg,  i.e.  the  trochanter  (Figs.  110, 117,  r),  asgronn  together 
of  both  parte  mostly  takes 


with  the  third  lever,  i.e.  the  femur, 
place  uniformly. 

The  pulling  of  the  small  trochanter  muscle 
works  against  the  weight  of  the  body  when 
this  is  carried  over  on  to  the  trochanter  by 
means  of  the  coxa,  as  seen  at  the  arrow  e  in 
Fig.  116.  It  may  be  designated  as  the  femo- 
.  ral  lever. 

The  plane  of  direction  in  which  the  femur, 
as  seen  by  the  rotation  just  mentioned,  is 
moved,  exactly  coincides  in  insects  with  that 
at  the  tibia  and  the  foot,  while  all  can  be 
simultaneously  raised  or  dropped,  or,  as  the 
case  may  be,  stretched  out  or  retracted. 
Therein,  therefore,  lies  an  essential  difference 
from  the  fully  developed  extremities  of  verte- 
brates among  which,  even  on  the  lever  arms 
which  are  stationary  at  the  end.  an  extensive 
turning  is  possible. 

Ttie  muscles  which  move  the  tibia,  and 
indirectly  the  femur,  also  consist  of  an  ex. 
tensor  muscle  which  is  situated  In  the  upper 
side  o(  the  femur  (Fig.  lid,  *,  Fig.  llfl,  /), 
and  of  a  flexor  (Fig.  110,  b.  Fig.  116,  g), 
which  lies  under  the  former. 

The  stilt-like  spines  on  the  point  (Figs, 
llSand  lie,  Ltn)oi\  which  this  segment  is 
directly  supported  are  important  parts  of  the 
tibia.     (Graber.) 

Considering  the  respective  positions 
of  the  individual  levers  of  tbe  leg  and 

the  nature  of  the  materials  of  which  they 
are  made,  the  legs  of  insects  may  be  likened, 
as  (iraber  states,  to  elastic  bows,  which, when 
pressed  down  together  from  above,  their 
own  indwelling  elasticity  is  able  to  raise 
e^in  and  thus  kee]i  the  body  upright. 

This  is  very  plainly  shown  in  certain 
stitt-legged  bark-beetles,  in  which,  as  in  a 
rubber  doll,  as  soon  as  the  body  is  pressed 
down  on  the  groiind,  the  organs  of  motion 
extend  again  without  the  intervention  of 
muscles ;  indeed  this  experiment  succeeds 
even  with  dead,  but  not  yet  wholly  stiff, 
insects. 

Fin,  in. -Ltn  fore  leg  of  «  ,  ,  ,       .         ,      , 

wnmbycM  bteite:  A.  cox*:  r.       Graber  then  turns  to  the  analysis  of  tlie 
/,i«f»u»;*.ci»w. -4ft»r0r»i*r,  movements  of  insect  legs  when  in  motion. 
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and  the  raode  of  walking  of  these  insects  in  general.  This  subject 
had  been  but  slightly  investigated  until  Graber  made  a  series  of 
observations  and  experiments,  of  which  we  can  give  only  the  most 
important  results. 

The  locomotion  of  insects  is  an  extremely  complicated  subject. 

Let  lis  consider,  Graber  says,  first,  a  running  or  carabid  beetle,  when  walk- 
ing merely  with  the  fore  and  hind  legs.  The  former  will  be  bent  forward  and 
the  latter  backward. 

**  Let  us  begin  with  the  left  fore  leg  (Fig.  118,  Li).  Let  the  same  be  ex- 
tended and  fixed  on  the  ground  by  means  of  its  sharp  claws  and  its  pointed  heel. 
Now  what  happens  when  the  tibial  flexors  draw  together?  As  the  foot,  and 
therefore  the  tibia  also,  have  a  firm  position,  then  the  contraction  of  the  muscles 
named  must  cause  the  femur  to  approach  the  tibia,  whereby  the  whole  body  is 
drawn  along  with  it.  This  individual  act  of  motion  may  be  well  studied  in 
grasshoppers  when  they  are  climbing  on  a  twig  by  stretching  out  their  long  fore 
leg  directly  forward,  and  then  drawing  up  the  body  through  the  shortening  of 
the  tibial  flexors  until  the  middle  leg  also  reaches  the  branch. 

"  But  while  the  fore  legs  advance  the  body  by  drawing  the  free  lever  to  the 
fixed  leg-segment,  the  hind  legs  do  this  in  exactly  the  opposite  way.  The  hind 
leg,  namely,  seeks  to  stretch  out  the  tibia,  and  thus  to  increase  the  angle  of  the 
knee  (/^s).  thereby  giving  a  push  on  the  ground,  by  means  of  which  the  body 
is  shoved  forward  a  bit. 

*' Though  it  might  be  supposed  that  the  feet  would  remain  stationary  during 
the  extension  or  retraction  of  the  limbs,  this  never  occurs  in  actual  walking. 
Not  merely  the  upper,  but  also  the  lower,  thigh  is  either  drawn  in  or  stretched 
out,  as  the  case  may  be.  The  latter  then  describes  a  straight  line  with  its  point 
during  this  scraping  or  scratching  motion  (Pig.  115,  no),  which  Ls  obviously  the 
chord  to  that  quadrant  which  would  be  drawn  by  the  tibia  or  foot  in  a  yielding 
medium,  as  water,  for  in.stance.  But  even  this  motion  results  extremely  rarely, 
and  never  in  actual  walking.  If  we  fix  our  eye  anew  upon  the  fore  leg  at  the 
very  moment  when  it  is  again  retracted,  after  the  resultant  *  fixing,'  we  shall 
then  observe  that  the  hip  also  is  simultaneously  turned  backward  in  a  definite 
angle.  The  tibia  would  describe  the  arc  nq  (Fig.  115)  by  means  of  the  lat- 
ter alone. 

'*This  plane,  in  conjunction  with  the  rectilinear  'movement'  (mo)  obtained 
by  the  retraction  of  the  tibia,  produces  a  path  (wr),  and  this  is  what  is  actually 
described  by  a  painted  foot  upon  a  properly  prepared  surface,  as  a  sheet  of 
paper ;  ^  supposing,  however,  that  the  body  in  the  meantime  is  not  moved  for- 
ward by  other  forces.  In  the  last  case,  and  this  indeed  always  takes  place  in 
running,  the  trunk  is  moved  a  bit  forward,  together  with  the  leg  which  is  just 
describing  its  curve  with  a  rapidity  corresponding  to  the  momentum  obtained  ; 
the  result  of  this  is  that  the  curve  of  the  foot  from  its  beginning  (n)  to  its  end 
(d)  bends  round  close  to  itself,  just  as  a  man  who,  when  on  board  a  ship  in 
motion,  walks  across  it  diagonally,  and  yet  on  the  whole  moves  forward,  be- 
cause his  line  of  march,  uniting  with  that  of  the  ship,  results  in  a  change  of 
position  in  space. 

^  In  his  account  of  his  studies  on  the  locomotion  of  insects,  De  Moor  states  that  he 
obtained  the  track  of  each  of  the  feet  in  different  colors  by  coating  them  with  differ- 
ent pigments ;  the  insect,  as  it  moved,  left  its  track  on  a  strip  of  paper.  (Archives  de 
Biologie,  Li^ge,  1890.) 
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"The  case  is  the  same  In  the  middle  aud  bind  legs,  which  must  make  a 
double  course  also,  yet  in  Bucli  a  way  that  the  straight  line  is  drawn,  not  during 
the  retraction,  but  during  the  extension  ;  during  which,  however,  quite  as  in  the 
fore  leg,  the  members  mentioned  (i^i)  gradually  approach  the  body. 

"  When  the  legs  bare  reached  the  maximum  of  their  retraction,  or  of  their 
extension,  as  tlie  case  may  be,  and  therefore  the  end  oE  tiieir  active  course  for 
that  time,  then  begins  the  opposite  or  backward  movement ;  that  Is,  the  fore  legs 
are  again  extended,  while  their  levers  draw  the  remaining  legs  together  E^cain. 


ACurabusbwlleln  theMlorw«IHInBoroiiiiiUi(r:  ihrw  : 

l«M/.„/?„/,t.n>il1r«t.4l 

IhP  olher.  i/t,.  If  «jl.  "hith  art  (llr«l«l  l»<-!i whuI  I 

..«.r<L  tli^  lull;  hQVf  ,.i,.l«l 

nil,  nl.  and  ft  iir*rurvu»  ilMCTHheilby  thf*nil  of  Ihr  til 
iv :  '.h.  .li.  nnd  /g  >re  nirieB  described  by  lUe  «imt  \rg. 

'Ih'.  buiI  ni»lne  hiu'k  III  thu 
during  Ibt'lr  |.w^lv<'  chu!.'!' 

of  poslilon.  — After  Oml 

"  At  the  same  lime,  as  we  may  see  by  the  uniting  leg,  the  limb  in  either  a 
little  raised,  that  there  may  be  no  unnecessary  friction,  or  it  remains  during  tlie 
imssive  step  also,  with  iW  means  of  lijcomolion  in  siiRht  contact  witii  the  Rround. 

"  The  curve  of  two  Bteps,  as  inscribed  by  the  end  of  the  tibia  of  the  left  fore 
leg  of  a  stag-beetle,  affords  an  insCrnctive  summary  of  the  conditions  of  which 
we  have  been  speaking  (Fig.  121,  B).  We  see  two  curves.  The  thick  one  {ah), 
directed  toward  the  axis  of  the  body,  corresponds  to  the  effective  act  of  a  single 


108 


TEXT-BOOK  OF  ENTOMOLOGY 


walking  function,  which  brings  the  body  a  bit  forward ;  the  thinner,  on  the  other 
hand,  or  we  might  say  the  hair  line  (6c),  which,  however,  is  but  rarely  made 
quite  clearly,  is  produced  by  the  ineffectual  backward  movement,  by  which  the 
insect  again  approaches  its  working  posture  (c).  It  is  at  first  placed  at  some 
distance  from  the  body,  in  order  that  (like  c  also)  it  may  draw  near  to  the  body 
again ;  but  in  such  a  way,  naturally,  that  it  coincides  with  the  starting-point  of 
the  following  active  curve  (jcd).  It  is  evident  that  even  the  passive  curve  is  not 
the  imprint  of  the  movement  accomplished  exclusively  by  the  leg,  for  tliis  latter, 
while  struggling  to  reach  its  resting-place,  is  really  involuntarily  carried  forward 
with  the  rest  of  the  body. 

"The  scroll-like  lines  drawn  by  the  swimming  beetle  (Dyticus),  with  the 
large,  sharp  points  of  its  hind  tibia,  are  also  very  instructive  (Fig.  119,  A). 

"The  diversions  and  modifications  in  the  course  of  the  active  step,  as  fur- 
nished by  the  moving  factor  of  the  remaining  legs,  are  already  clearly  illustrated 
by  the  curves  shown  by  the  joints  of  the  hind  tibia  of  a  May-beetle  (Fig.  120) 
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Fig.  119. 


Fig.  120. 


Fig.  121. 


Fig.  119. —j4,  trail  curves  described  by  the  tibial  spines  of  the  right  and  left  htnd  liinb  of 
Dyticus.    B^  the  same  loade  by  the  ri«rht  hind  1^  (r^  alone.     Natural  9lze.  —  After  Graber. 

Fig.  120.  — The  same  by  the  two  hind  legs  of  Melolontha:  a,  the  active  and  thickened  section  of 
the  curve.    Natural  size. 

Fig.  121.  —  A^  track  curves  of  two  of  the  tibial  spines  of  the  left,  middle  legs  of  a  stag-beetle. 
Natural  size.  J?,  the  same  enlarged  ;  fg^  the  longitudinal  axis  of  the  trunk ;  eti  and  ah.  tlie  active 
curve  passing  inward,  — IfC  and  d*,  the  {Missive  going  outward.  (',  two  curves  described  by  the  left 
hind  legs ;  in  this  case,  the  curves  are  not  inwards  or  backwards,  but  partly  directly  inward  {f>\ 
and  In  part  obliquely  forwards  (a). 

and  a  stag-beetle  (Fig.  121,  c).  The  actual  faint  line  in  this  case  does  not  run 
from  the  front  toward  the  back,  as  would  correspond  to  the  active  leg- motion, 
but  either  directly  inward  (Fig.  121,  eft),  or  even  somewhat  to  the  fn>nt.  In 
the  May-beetles,  and  even  more  in  the  running  garden -beetle,  the  curves  of  the 
hind  legs  present  themselves  as  screw-like  lines  (Fig.  122,  /a),  while  the  scrawl- 
ing of  the  remaining  members  (^i,  l^)  is  much  simpler. 

"  Inasmuch  to  we  now  have  a  cursory  knowledge  of  the  movements  made  by 
each  individual  leg  for  itself, — movements,  however,  which  plainly  occur  very 
differently  according  to  the  structure  of  these  appendages,  —  the  question  now  is 
of  the  combined  play,  the  total  effect  of  all  the  legs  taken  together,  and  there- 
fore of  the  walk  and  measure  of  the  united  work  of  the  foot. 

"  In  opposition  to  the  caterpillars  and  many  other  crawling  animals  which 
extend  their  legs  in  pairs  and  really  swing  them  by  the  worm-like  mmie  of  con- 
traction of  the  dermomuscular  tube,  the  legs  of  fully  grown  insects  are  moved 
in  the  contrary  direction  and  in  no  sense  in  pairs,  but  alternately  —  or,  more 
strictly  speaking,  in  a  diagonal  direction. 
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*^  For  an  examination  of  the  gait  of  insects,  we  choose,  for  obvious  reasons, 
those  which  have  very  long  legs  and  which  at  the  same  time  are  slow  walkers. 

**  Insects  may  be  called  *  double-three- footed,'  from  the  manner  in  which  they 
alternately  place  Iheir  legs.  There  are  always  three  legs  set  in  motion  at  the 
same  time,  or  nearly  so,  while  in  the  meantime  thb  remaining  legs  support  the 
body,  after  which  they  change  places. 

'*To  be  more  exact,  it  is  usually  thus:  At  first  (Fig.  118)  the  left  fore  leg 
{L\)  steps  out,  then  follows  the  right  middle  leg  (i?8)»  and  the  left  hind  leg  (X3). 
Then  while  the  left  fore  leg 


begins  to  retract  and  thus 
make  the  backward  move- 
ment, the  right  fore  leg  is 
extended,  whereupon  the 
left  middle  leg  and  the  right 
hind  leg  are  raised  in  the 
same  order  as  the  first  three 
feet." 
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Fio.  122.  —The  samo  by  the  left  for©  (/,),  middle  (/,),  and  hind,  leg  (/,)  of  %  Carabu».     Natural 
size. 

Fio.  128.— Trackft  of  a  Slapn  moHUaga  marked  bj  the  differently  painted  tibial  points: 
#,  tracks  of  fore, —O,  mkidle,  — /,  hind  leip-    Natural  size. 
Fio.  124.  —Tracks  ot  NterophoruH  re»pilio.    Natural  size. 


Graber  ^  painted  the  feet  of  beetles  and  let  them  run  over  paper,  and  goes  on 
to  say  : 

^^  Let  us  first  pursue  the  tracks  of  the  Blaps,  for  example  (Fig.  123).  Let  the 
insect  begin  its  motion.  The  left  fore  leg  stands  at(Z,  the  right  middle  leg  at  /9, 
and  the  left  hind  leg  at  c.  The  coiresponding  number  of  the  other  set  of  three  > 
feet  at  a,  6,  7.  At  the  first  step  the  three  feet  first  mentioned  advance  to  a'^'c', 
the  second  set  on  the  other  hand  to  a'b'y'*  Thereby  the  tracks  made  by  the 
successive  steps  fall  quite,  or  almost  quite,  on  each  other,  as  appear  also  in  the 
tracks  of  a  burying  beetle  (Fig.  124). 

**  As  the  fore  legs  are  directed  forward  and  the  hind  legs  backward,  while 
the  middle  legs  are  placed  obliquely,  the  reason  of  the  more  marked  impressions 
of  the  latter  is  evident. 

*^  The  highest  ttetimony  to  the  precise  exactitude  and  accuracy  of  the  walking 
mechanism  of  insects  is  furnished  by  the  fact  that  in  most  insects,  and  par- 
ticularly in  those  most  fleet  of  foot,  which,  whether  they  are  running  away 
or  chasing  their  prey,  must  be  able  to  rely  entirely  upon  their  means  of  loco- 
motion ;  —  the  fact,  we  say,  that  whether  they  desire  to  move  slowly  or  more 

^  Carlet  and  also  De  Moor  (1890)  confirm  Graber 's  statement  that  in  beetles  the 
first  and  last  appendages  on  the  same  side  are  in  contact  with  the  ground,  while 
the  middle  one  is  raised.  On  the  other  side  of  the  body  the  middle  appendage  is  on 
the  ground  and  the  first  and  last  one  raised. 
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quickly,  the  distances  of  the  steps,  measured  by  the  length  as  well  as  by  the 
cross-direction,  hardly  differ  a  hair^s  breadth  from  one  another,  and  this  is  also 
the  case  when  the  tarsi  are  cut  off  and  the  insects  are  obliged  to  run  on  the 
points  of  their  heels  (tibiae). 

'•'•  Thence,  inasmuch  as  the  trunk  of  insects  is  carried  by  two  legs  and  by  one 
on  each  side  alternately,  it  may  surely  be  concluded  a  priori  that  when  walking 
it  is  inclined  now  to  the  right  and  now  to  the  left,  and  that  the  track,  too,  which 
is  left  behind  by  a  precise  point  of  the  leg,  can  in  no  wise  be  a  straight  line  ;  and 
in  reality  this  is  not  the  case. 

**  A  plainly  marked  regular  curve,  which  approaches  a  sinuous  line,  as  seen 
in  Fig.  125,  is  often  obtained  by  painting  many  insects,  for  example  Trichodes, 
Meloe,  etc.,  which,  when  running,  either  bring  the  end  of  their  hind  body  near 
to  the  ground  or  into  contact  with  it. 

**The  locomotive  machine  of  insects  may  be  called,  to  a  certain  extent,  a 

double  set  of  three  feet  each,  as  most  insects,  and  particularly  those  provided 

Y  with  a  broad  trunk,  are  able  to  balance  themselves  with 

*V^  one  of  these  two  sets  of  feet,  and  indeed   when  walking, 

l-^**^  V**^*      as  well  as  when  standing  still,  can  move  about  even  better 

,  ^-''^    [  Q  ^     with  one  set  of  these  feet  than  with  four  legs.    In  the  latter 
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Fi«.  125.  Fig.  126.  Fic  127. 

Fic*.  125.  —  Track.s  of  Trichodes;  the  middle  t>iriiioufi  line  is  made  by  the  tip  of  the  abdomen. 
Xatural  s\.7.o. 

Fio.  126. —  Tracks  of  another  insect  which,  in  runnin<r.  can  only  use  three  leps  (#-i,  I^^  r^)  which 
become  indicated  dltlerently  firom  normal  conditionit.     Natural  size.' 

Fio.  127.  — The  same  of  an  in8<'<'t  crossing?  over  a  surface  inclined  W^  from  the  horizon,  whereby 
the  placing  of  the  feet  becomes  chan^cHl.     Natural  size.  — This  and  Fifrs.  120-126  after  (irraber. 

case,  that  is,  if  one  cuts  off  a  pair  of  legs  from  an  insect,  the  trunk  can  balance 
itself  only  with  extreme  difficulty,  and  there  is  therefore  little  prospect  that 
insects  will  ever  become  four-footed. 

"  But  if  one  compels  insects  to  run  on  three  legs,  he  will  thus  make  the  inter- 
esting discovery  that  to  make  up  the  deficiency  they  place  the  remaining  feet 
and  bring  them  to  the  ground  somewhat  differently  than  when  the  second  set 
of  feet  is  active.  Figs.  124  and  12(3  may  be  compared  for  this  purjwse.  The 
former  shows  the  footprints  of  a  burying  beetle  running  with  all  six  legs,  the 
latter  the  track  of  the  same  insect,  which,  however,  has  at  its  disposal  only  the 
right  fore  leg,  the  left  middle  leg,  and  the  right  hind  leg.  One  may  plainly  see 
here  that  the  track  of  the  hind  leg  on  the  right  side  (rg)  approaches  the  trsick  of 
the  middle  leg  on  the  left  side,  and  then  further,  that  the  right  f<tre  leg  (n)  steps 
out  more  to  the  right  to  make  up  for  the  deficiency  of  the  middle  leg. 
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^^  A  similar  adaptation  of  the  position  of  the  legs,  which  is  entirely  dependent 
on  the  choice  of  the  insect,  may  also  be  observed  there,  if  one  compels  insects 
which  are  not  provided  with  corresponding  adhesive  lobes  to  run  away  over 
crooked  surfaces.  Fig.  123  shows  the  footprints  of  a  Blaps  when  running  upon 
a  horizontal  plane.  Fig.  127,  on  the  contrary,  shows  the  tracks  of  the  legs  when 
going  diagonally  over  a  gradually  inclined  surface.  Here,  also,  the  insect  holds 
on  with  his  fore  and  middle  legs  (ri,  r^)  stretched  upward,  whereby  also  the 
impressions  on  both  sides  come  to  lie  farther  apart  than  in  the  normal  mode  of 
walking. 

**  It  will  not  surprise  the  reader  who  is  familiar  with  the  gait  of  crabs,  to  hear 
that  many  insects  also  understand  the  laudable  art  of  going  backward,  wherein 
the  hind  legs  simply  change  places  with  the  fore  legs. 

**  The  jumping  motion  of  insects  may  be  best  studied  in  grasshoppers.  "When 
these  insects  are  preparing  for  a  jump,  they  stretch  out  the  upper  thigh  hori- 
zontally, clap  the  tibiaj  together,  and  also  retract  the  foot-segment.  After  a 
slight  pause  for  rest,  during  which  they  are  getting  ready  for  the  jump,  they 
then  jerk  the  tibiae  suddenly  backward  and  against  the  ground  with  all  their 
strength  by  means  of  the  extensor  muscles." 

The  correctness  of  (iraber's  views  has  been  confirmed  by  Marey  by 
instantaneous  x^hotograplis  (Figs.  128,  129). 

Locomotion  on  smooth  surfaces.  —  How  flies  and  other  insects. are 
able  to  walk  up,  or  run  with  the  body  inverted,  on  hard  surfaces  has 
been  lately  discovered  by  Dewitz,  Dahl,  and  others.  All  authors 
are  agreed  that  this  power  is  due  to  the  presence  of  the  specialized 
eni])odium  of  each  tarsus. 

Dewitz  confirmed  the  opinion  of  Blackwell,  that  a  glutinous  liquid 
is  exuded  from  the  apices  of  the  tenent  hairs  "vvhich  fringe  the  em- 
])odium.  J^y  fastening  insects  feet  uppermost  on  the  under  side  of 
a  covering  glass  which  ])rojects  from  a  glass  slide,  the  hairs  which 
clothe  the  empodia  of  the  foot  of  a  fly  {Munca  enfthrocephala)  may 
be  seen  to  be  tipped  with  drops  of  transparent  liquid.  On  the  leg 
being  drawn  back  froni  the  glass,  a  transparent  thread  is  drawn  out, 
and  drops  are  found  to  be  left  on  the  glass.  In  cases  where  these 
hairs  are  wanting,  as  in  the  Hemiptera,  the  adhesive  fluid  exudes 
directly  from  pores  in  the  foot.  In  the  beetles  {TeJephorns  dlspar) 
and  other  insects  the  tenent  hairs  on  the  foot  end  in  sharp  points, 
below  which  are  placed  the  openings  of  the  canals.  The  glands, 
Dewitz  states,  are  chiefly  flask -shaped  and  unicellular,  situated  in 
the  hj'podermis  of  the  chitinous  coat ;  each  gland  ()i)ening  into  one 
of  the  hairs  (Fig.  108) ;  they  are  each  invested  by  a  structureless 
tunica  propria,  and  contain  granular  protoplasm,  a  nucleus  placed  at 
the  inner  side,  and  a  vesicle,  prolonged  into  a  tube  which,  traversing 
the  neck  of  the  gland,  is  attached  to  the  root  of  the  hair;  the 
vesicle  receiving  the  secretion.  Each  gland  is  connected  with  a  fine 
nerve-twig,  and  secretion  is  probably  voluntary.     Among  the  tenent 
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hairs  of  the  empodium  are  others  which  must  be  supplied  with  a 
nerve,  forming  tactile  hairs,  as  they  each  proceed  from  a  unicellular 
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ganglion  (Fig.  108,  n'').  The  secretion  is  forced  out  of  the  gland  by 
the  contraction  of  the  protoplasm,  Dewitz  having  seen  the  secretion 
driven  out  from  the  internal  vesicle  into  its  neck. 
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In  the  spherical  last  tarsal  joint  of  Orthoptera  (Fig. 
these  tenent  hairs,  nearly  all  the  cells  of  the  hypudemiis 
cellular  glands,  each  of  which  sends  out  a  long,  fine, 
chitinous  tubule,  which  is  connected  with  its  fellows  by 
veiy  fine  hairs  and  is  continuous  with  the  chitinous 
coat  of  the  foot  and  opens  through  it.  The  sole  of  the 
foot  is  elastic  and  adapts  itself  to  minute  inequalities 
of  surfaces,  while  the  anterior  of  each  tarsal  joint  is 
almost  entirely  occupied  by  an  enlargement  of  the 
trachea,  which  acts  on  the  elastic  sole  like  an  air 
chamber,  rendering  it  tense  and  at  the  same  time 
pliant.  Dewitz  adds  that  the  apparatus  situated  on  the 
front  legs  of  the  male  of  Stenobothrus  sihiricus  (Fig. 
131)  must  have  the  function  of  causing  the  legs  to 
adhere  closely  to  the  female  by  the  excretion  of  an 
adhesive  material.  The  hairs  of  the  anterior  tarsi  of 
male  Carabi  also  appear  to  possess  the  power  of  adhe- 
sion. In  the  house-fly  the  empodia  seem  to  be  only 
called  into  action  when  the  insect  has  to  walk  on 
vertical  smooth  surfaces,  as  at  other  times  they  hang 
loosely  down. 

Burmeister  observed  the  use  of  a  glutinous  secretion 
for  walking  in  dipterous  larvte,  and  Dewitz  found  that 
the  larva  of  a  Musca  used  for  this  purpose  a  liquid 
ejected  from  the  mouth.  The  larvje  of  another  fly 
(Lfucopis  pttncticornis)  perform  their*  loop-like  walk  . 
by  emitting  a  fluid  from  both  mouth  and  anus.  A 
Cecidomyia  larva  is  able  to  leap  by  fixing  its  anterior 
end  by  means  of  an  adhesive  fluid.  The  larva  of 
the  leaf-beetle,  Galeruca,  moves  by  drawing  up  its 
hinder  end,  fixing  it  thus,  and  carrying  the  anterior 
part  of  the  body  forward  with  its  feet  until  fully 
extended,  when  it  breaks  the  glutinous  adhesion.  The 
abdominal  legs  of  some  saw-fly  larvse  have  the  same 
power. 
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Fio.  180.  ^A,  end  of  an 
adhesive  hair  of  a  weevil 
(Kupolus):  ^",  canal:  i"\ 
its  external  oi>cning  at  the 
end  of  the  hair.  B,  end  of 
a  Mmilar  hair  of  Telephorus 
M-ith  droDB  of  the  secretion. 
—  After  Dewitz. 


Dahl  could  not  detect  in  the  foot  of  the  hornet  (Vespa  crabro)  any 
space  which  could  be  considered  as  a  vacuum. 

Simmermacher  states  that  in 
most  cases  of  climbing  beetles  the 
tubular  tenent  hairs  pour  out  a 
secretion  (Figs.  133,  134),  "and  it 
is  probable  that  we  have  here  to  do 
with  the  phenomena  not  of  actual 
attachiT^nt  by,  as  it  were,  gluing, 
but  of  adhesicm ;  the  orilice  of 
the  tubes  is  divided  obliquely, 
and  the  tubes  are,  at  this  point, 
extremely  delicate  and  flexible, 
so  as  to  adhere  by  their  lower  sur- 


Fio.  ISl.  —  Stenobothrwi  ttihirieua  pair- 
ing:^, the  (f,  fore  tarsus  (0  ffreatly  enlarjfed  ; 
ar.  arolia ;  //,  pulvillus.  —  After  Pagenstecher. 
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face;   in  this  adhesion  they  are  aided  by  the  secreted  Huid."     In 
the  case  of  the  r>iptera  he  does  not  accept  the  theory  by  which  the 
movement  of  the  fly  along  smooth  surfaces  is  ascribed  to  an  alternate 
fixation  and  separation,  but  believes  in  a  process  of  adhesion,  aided 
by  a  secretion,  as  in  many  Coleopteia,   (In  tlie  Cerainbycidae  there  is 
no  secretion,  and  the  tubules  are  merely  sucking  organs,  like  those 
observed  in  the  male  Silphida;.)    "  The  attaching  lobes,  closely  beset 
with   chitinous   hairs,    arc 
enal)Ied,  in  consequence  of 
the  pressure  of  the  foot,  to 
completely   lie   along   any 
smooth  surface;  this  ex]>els 
the  air  beneath  the  lobes, 
which  are  then  acted  on  by 
the  pressure  of   the   outer 
air."      (Journ.  Roy.    Micr. 
Soc.,18S4,  p.  730.)  Another 
writer  (Rombouts)   thinks 
this  jwwer  is  due  to  capil- 
lary adhesion. 

The  action  of  the   pul- 

villus  and  claws  when   at 

vest  or  in  use  by  the  honey- 

^v      bee  is  well  shown  by  (.'hesh- 

S»,_^     ire  (Fig.  135,  D).     In  as- 

f.y^'      cending    a    rough    surface, 

"the  jioiuts  of  the  claws 

cateh    (as   at    Bj    and   tlie 

d/io     pulvillus  is  saved  from  any 

contact,  but  if  the  surface 

be    smooth,    so    that    the 

claws    get    no   grip,   they 

F.«.  i8i.  -  vo»  \^  of  rf  Dnic-^  n«.L.r  ,id..  with     slide  back  and  are   di-awn 

:«;'X-;^:irl„':i«imS'^im- A-'fl"' Mi:;r " """"    "^"^ath  the  foot  (as  at  .4), 

which  change   of   position 

applies  the  pulvillus,  so  that  it  immediately   clings.     It  is    the 

character  of  the  surface,  then,  and  not  the   will  of  the  bee,  that 

determines  whether  claw  or  pulvillus  shall  l>e  used  in  sustaining  it. 

But  another  contrivance,  equally  beautiful,  remains  to  Iw  noticed. 

The  pulvillus  is  carried  folded  in  the  middle  (as  at  C,  Fig.  105),  but 

oiiens  out  when  applied  to  a  surface ;  for  it  has  at  its  up|»er  part 

an  elastic  and  curved  rod  (<-r,  Figs.  105  and  l.'!5),  which  straightens 
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as  the  pulviilus  is  pressed  ilowu ;  C  and  D,  Fig.  135,  making  this 

clear.     The  flattened-out  pulviilus  thus  holds  strongly  while  pulled, 
by  the  weight  of  the  bee,  along  the  surface,  to  which  it  adheres,  but 


cornea  up  at  once  if  lifted  and  rolled  off  from  its  ojjposite  sides,  just 
as  we  should  pull  a  wet  postage  stamp  from  an  envelope.  The 
bee,  then,  is  held  secui-ely  till  it  attempts  to  lift  the  leg,  when 


Pio.  IM.  — S«t[on  through  the  ureiifi  or  i  Suphyllnid  beptl«;  tbn  eluidukr  ar  leni'nt  holrs 
nrtHnii  tfum  chlllnoo.  pimeisei.    A,  MK'ILon  Ihruugh  tho  ursnl  Julnt  uf  the  pine  weevil,  llylMAnH 

This  and  Fig.  IIF)  %l\er  slinin^Fmiichcr.' 

it  is  freed  at  once ;  and,  by  this  exquisite  yet  simple  plan-,  it  can 
fix  and  release  each  foot  at  least  twenty  times  per  second."     (Beea 
and  Bee-keeping,  p.  127.) 
Ockler  divides  the  normal  twoKrlawed  foot  into  three  subtypes: 
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(1)  with  an  unpaired  median  einpodimn;  (2)  with  two  outer  lateral 
adhesive  lobes ;  (3)  with  two  adhesive  lobes  below  the  daws ;  the 
latter  is  the  chief  type  and  forms  either  a  climbing  or  a  elaspiog 
foot.  The  amount  ot  movement  ])ossessed  by  the  claws  is  liniited, 
and  what  there  is,  is  effected  by  means  of  an  elastic  membrane  and 


Fia.  135.  —  ironev-1we>  foot  In  Ih«  icI  of  cHmblnir.  "howlniF  Ihs  tmtonutle  utlon  of  Ihf  nulraini, 
MB,  UBfriils;  (.  iMlBrjilJoLnl,    ff,  poillLuq'oTloot  In  diinhlnd  riugh  inirto«.''(*  mWlfnn'nfVnl- 

the  extensor  plate  (Fig.  110),  The  "extensor  sole"  which  is 
always  present  in  insects  with  an  unpaired  median  fixing  or  adhesive 
organ  (empodiiim)  is  to  be  regarded  as  a  modification  of  the  extensor 
seta.  The  extensor  plate  is  peculiar  to  an  insect's  foot.  Ockler 
states  that  the  so-called  "pressure  plate"  of  I>ahl  is  only  a  movably 
articulated,  skeletal,  supporting  plate  for  the  median  tixing  lobule. 

Climbing.  —  In  certain  respects  the  jMwer  of  climbing  supplies  the 
want  of  wings,  and  even  exists  often  in  house-flies  among  which 
there  is  shown  a  many-sided  motion  that  is  quite  unheard  of  in  other 
groups  of  insects. 

The  best  climbers  are  obviously  those  insects  which  live  on  trees 
and  bushes,  as,  for  example,  longicorn  beetles  and  grasshoppei-s. 
These  may  be  ac<;m-ately  called  the  monkeys  of  the  insect  kind,  e\en 
if  their  movements  take  place  less  gi-acefuUy,  and  indeed  rather 
stiffly  and  woodenly.  We  ali-eady  know  what  are  the  projier  climbing 
organs;  that  is,  the  sharp  easily  movable  claws  on  the  font,  \Vith 
the  help  of  these  claws  certain  insects,  May-beetles  for  example, 
can  hang  upon  one  another  like  a  chain ;  indeed,  bees  and  ants  in 
this  manner  bind  themselves  together  into  living  garlands  and 
bridges.  There  are  still  added  to  the  ehitlnous  hooks  flaps  and 
balls  of  a  sticky  natui-e,  by  help  of  which  likewise  the  insects  glue 
themselves  together.  To  facilitate  the  s|>anning  of  still  thicker 
twigs,  the  climbing  foot  of  insects  has  a  greater  moval>iIity  even 
than  when  it  only  serves  as  a  sole.     ((iral)er.) 

The  mode  of  swimming  of  insecta.  —  To  study  the  swimming  move- 
ments of  insects,  let  us  examine  a  ]>yticns.  It  will  appear,  as  (iraber 
States,  to  be  wonderfully  adapted  to  its  element. 
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**The  body  resembles  a  boat.  There  is  nowhere  a  projecthig  point  or  a 
sharp  corner  which  would  offer  unnecessary  resistance  to  motion ;  bulging  out 
in  the  middle  and  pointed  at  the  ends,  it  cuts  through  the  resistance  of  the  water 
like  a  wedge.  The  movable  parts,  the  oars,  seem  to  be  as  well  fitted  for  their 
purpose  as  the  burden  to  be  moved  by  them.  That  the  hind  legs  must  bear  the 
brunt  of  this  follows  from  their  position  exactly  in  the  middle  of  the  body,  where 
it  is  widest.  In  other  insects  also  these  legs  are  used  for  the  same  purpose  as 
soon  as  the  insects  are  put  in  the  water.  But  the  swimming  legs  of  water- 
beetles'  are  oars  of  quite  peculiar  construction.  They  are  7wt  turned  about  in 
the  coxce^  as  are  other  legs,  but  at  the  foot-joint.  The  coxa,  namely,  has  grown 
entirely  together  with  the  thoracic  partition.  The  mu.scles  we  have  mentioned, 
exceeding  in  strength  all  the  soft  parts  taken  together,  take  hold  directly  of 
the  large  wing-shaped  tendons  of  the  upper  thigh,  and  extend  and  retract  the 
leg  in  one  of  the  planes  lying  close  to  the  abdominal  partition.  The  foot 
forms  the  oar,  however.  It  is  very  much  lengthened  and  still  more  widened, 
and  can  be  turned  and  bent  in  by  separate  muscles  in  such  a  way  that  in  the 
passive  movement,  that  is,  the'  reti*action,  the  nan'ow  edge  is  turned  to  the  fore, 
and  therefore  to  the  medium  to  be  dislodged ;  however,  as  soon  as  the  active 
push  is  to  be  performed  and  the  leg  is  extended  with  greater  force,  it  cuts  down 
through  the  water  with  its  whole  width.  These  effective  oar-blades  are  still 
considerably  enlarged  by  the  hairs  arising  on  the  side  of  the  foot,  which  spread 
out  at  the  decisive  moment. 

''Evei-y  one  knows  that  the  oar-blades  of  swimming  beetles  always  go  up 
and  down  simultaneously  and  in  regular  time.  On  the  other  hand,  as  soon  as 
one  puts  a  Dyticus  on  the  dry  land,  i.e.  on  an  unyielding  medium,  it  uses  its 
hind  legs  entirely  after  the  manner  of  other  land  insects  ;  that  is,  they  are  drawn 
in  and  extended  again  alternately,  as  takes  place  clearly  enough  from  the  foot- 
steps in  Fig.  119,  A  We  learn  from  this  that  water  insects  have  not  yet,  from 
want  of  practice,  forgotten  the  mode  of  walking  of  land  insects. 

'*  The  forcing  up  of  the  water  as  a  propelling  power  is  added  to  the  repulsion 
produced  by  the  strong  strokes  of  the  oars.  If  the  beetle  stood  up  horizontally 
in  the  water,  he  would  be  lifted  up. 

"  As  the  trank,  however,  assumes  an  oblique  position  when  the  insect  wishes 
to  swim,  one  can  then  imagine  the  driving  up  of  the  water  as  being  divided 
into  two  forces,  one  of  which  drives  the  body  forward  in  a  horizontal  direction, 
while  the  other,  that  is,  the  vertical  component,  is  supplied  by  the  moving  of  the 
oars.     The  swimming  insect  is  thus,  as  it  were,  a  snake  flying  in  the  water. 

*'The  long  streamer-like  hind  legs  of  many  water-bugs,  for  example  Noto- 
necta,  approach  more  nearly  our  artificial  oars.  These  legs  are  turned  out  from 
the  bottom. 

**  There  is  no  doubt  but  that  the  legs  of  insects,  as  regards  the  many-sidedness 
and  exactitude  of  their  locomotive  actions,  place  the  similar  contrivances  of 
other  animals  far  in  the  shade.  We  shall  be  forced  to  admire  these  ingenious 
levers  still  more,  however,  when  we  take  into  consideration  their  energy  and 
strength.  That  the  force  with  which  the  locomotive  muscles  of  insects  is  drawn 
together  is  enormous  compared  with  that  of  vertebrates,  we  may  learn  if  we  try 
to  subdue  the  rhythmical  movements  of  the  thorax  of  a  large  butterfly  by  the 
pressure  of  our  finger  or  to  open  against  the  insect^s  will  the  closed  jumping  leg 
of  a  grasshopper,  or  the  fossorial  shovel  of  a  mole-cricket.*' 
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Die  Befestigung  durch  einen  klebenden  schleim  beim  springen  gegen  senk- 

rechte  FlSLchen.     (Zool.  Anzeiger,  1883,  pp.  273,  274.) 

Ueber  die  Wirkung  der  Ilaftlappchen  toter  Fliegen.     (Ent.  Nachr.,  x 

Jahrg.,  1884,  pp.  286,  287.) 

Weitere  Mitteilungen  Uber  das  Klettem  der  Insekten  an  glatten  senkrech- 
ten Flachen.     (Zoolog.  Anzeiger,  1885.     viii  Jahrg.,  pp.  167-159.) 

Richtigstellung  der  behauptungen  des  Herrn  F.  Dahl.     (Archiv  f .  mikro- 

skop.  Anat.,  1885,  xxvi,  pp.  125-128.) 

Rombouts,  J.  E  L^eber  die  Fortbewegung  der  Fliegen  an  glatten  Fliichen. 
(Zool.  Anzeiger,  1884,  pp.  619-623.) 

De  la  faculty  qu'ont  les  mouches  de  se  niouvoir  sur  le  verre  et  sur  les 

autres  corps  polls.     (Archiv  Museum  Teyler  (2),  4  Part,  pp.  16.     Fig.) 

Simmermacher,  G.  Untersuchungen  tiber  Haftapparate  an  Tarsalgliedern  von 
Insekten.  (Zeitschr.  f .  wissensch.  Zool.  xl,  1884,  pp.  481-566.  3  Taf.,  2  Figs. 
Also  Zoolog.  Anzeiger,  vii  Jahrg.,  1884,  pp.  226-228.) 

Antwort  an  Herrn  Dr.  H.  Dewitz.     (Ibid.,  pp.  51Ji-517.) 

Dahl,  F.    Die  Fussdrtlsen  der  Insekten.   (Archiv  f.  mikroskop.  Anat.,  1885,  xxv, 

pp.  236-263.     2  Taf.     See  also  p.  118.) 
Emery,  C.    Fortbewegung  von  Tieren  an  senkrechten  und  Uberhangenden  glatten 

Flachen.     (Biolog.  Centralbl.,  1884,  4  Bd.,  pp.  438-443.) 
L6on,  N.     Disposition  anatomique  des  organes  de  succion  chez  les  Ilydyocores 

et  les  G^ocores.     (Bull.  Soc.  des  Medec.  et  Natur.  de  Jassy.,  1888.) 
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d.  The  wingB  and  their  Btnictore 

The  insects  differ  from  all  other  animals  except  birds  in  possessing 
wings,  and  as  we  at  the  outset  have  claimed,  it  is  evidently  owing  to 
them  that  insects  are  numerically  so  superior  to  any  other  class  of 
animals,  since  their  power  of  flight  enables  them  to  live  in  the  air 
out  of  reach  of  many  of  their  enemies,  the  greatest  destruction  to 
insect  life  occurring  in  the  wingless  larval  and  pupal  stages. 

The  presence  of  wings  has  exerted  a  profound  influence  on  the 
shape  and  structure  of  the  body,  and  it  is  apparently  due  to  their 
existence  that  the  body  is  so  distinctly  triregional,  since  this  feature 
is  least  marked  in  the  synapterous  insects.  The  wings  are  thin, 
broad  leaf-like  folds  of  the  integument,  attached  to  the  thorax  and 
moved  by  powerful  muscles  which  occupy  the  greater  part  of  the 
thoracic  cavity.  The  two  pairs  of  wings  are  outgrowths  of  the  middle 
and  hinder  part  of  the  thorax,  the  anterior  pair  being  attached  to  the 
mesothoracic  and  the  hinder  pair  to  the  metathoracic  segment.  The 
larger  pair  is  developed  from  the  middle  segment  of  the  thorax. 
The  differentiation  of  the  tergites  into  scutum,  scutellum,  etc.,  is 
the  result  of  the  appearance  of  wings,  because  these  sclerit^s  are 
more  or  less  reduced  or  effaced  in  wingless  insects,  such  as  apterous 
Orthoptera  and  moths,  ants,  etc. 

The  size  of  the  hinder  thoracic  segments  is  closely  related  to  that 
of  the  wings  they  bear.  In  those  Orthoptera  which  have  hind  wings 
larger  than  those  of  the  fore  pair,  the  metathorax  is  larger  than  the 
mesothorax.  In  such  Neuroptera  as  have  the  hind  wings  nearly  or 
quite  as  large  as  the  anterior  pair,  or  in  the  Trichoptera  and  in  the 
Hepialidai,  the  metathorax  is  nearly  as  large  as  the  mesothorax, 
while  in  Coleoptera  the  metathorax  is  as  large  and  often  much  largef. 
In  the  Ei)hemerid8e,  Diptera,  and  Hymenoptera,  which  have  either 
only  rudimentary  (hal teres)  or  small  hind  wings,  the  metathorax  is 
correspondingly  reduced  in  size. 

The  wings  morphologically,  as  their  development  shows,  are  simple 
sac-like  outgrowths  of  the  integument,  i,e.  of  the  free  hinder  edge  of 
the  tergal  plates,  their  place  of  origin  being  apparently  above  the 
upper  edge  of  the  epimera  or  pleural  sclerites.  Calvert*  however, 
regards  the  upper  lamina  of  the  wing  as  tergal,  and  the  lower,  pleural. 

The  wings  in  most  insects  are  attached  to  the  thorax  by  a  mem- 
brane containing  several  little  plates  of  chitin  called  by  Audouin 
articulatory  epidemes. 

1  Trans.  Amer.  Eat.  Soc.  xx,  p.  168. 
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The  wings,  then,  are  simple,  very  thin  chitinous  lamellate  expan- 
sions of  the  integument,  which  are  supported  and  strengthened  by 
an  internal  framework  of  hollow  chitinous  tubes. 

The  yeins.  —  The  so-called  "  veins  "  or  "  nervures,"  which  are  situ- 
ated between  the  upper  and  under  layers  of  the  wing  are  so  disposed 
as  to  give  the  greatest  lightness  and  strength  to  the  wings.  Hagen 
has  shown  that  in  the  freshly  formed  wings  these  two  layers  can  be 
separated,  when  it  can  be  seen  that  the  veins  pass  through  each  layer. 

These  veins  are  in  reality  quite  complex,  consisting  of  a  minute 
central  trachea  enclosed  within  a  larger  tube  which  at  the  instant  the 
insect  emerges  from  the  nymph,  or  pupa,  as  the  case  may  be,  is  filled 
with  blood  (Fig.  136).  Since  these  tubes  at  first  contain  blood,  which 
has  been  observed  to  circulate  through  them,  and  since  the  heart  can 
be  most  easily  injected  through  them,  they  may  more  properly  be 
called  veins  than  nervures.  The  shape  and  venation  of  the  wings 
aiford  excellent  ordinal  as  well  as  family  and  generic  characters, 
while  they  also  enable  the  systematist  to  exactly  locate  the  spots 
and  other  markings  of  the  wings.  The  spaces  enclosed  by  the  veins 
and  their  cross-branches  are  called  cells,  and  their  shape  often  affords 
valuable  generic  and  specific  characters. 

The  structure  of  a  complete  vein  is  described  by  Spuler.  In  a 
cross-section  of  a  noctuid  moth  {Triphcena  pronxiha.  Fig.  136)  the 
chitinous  walls  are  seen  to  consist  of  two  layers,  an  outer  (u)  and 
inner  (c),  the  latter  of  which  takes  a  stain  and  lies  next  to  the 
hypodermis  (hy)'  In  the  cavity  of  the  vein  is  the  trachea  (^r), 
which  shows  more  or  less  distinctly  the  socalled  spiral  thread; 
within  the  cavity  are  also  Semper's  "  rib  "  (?•)  and  blood-corpuscles 
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Fig.  186,  —  Cross-section  of  wing         Fm.  137.  —  Cross-section  of  wing  of  Pleris:  *,  insertions 
of  Pronuba.  —  After  Spuler.  of  scales.  —  After  Spuler. 

(6c),  which  proves  that  the  blood  circulates  in  the  veins  of  the  com- 
pletely formed  wing,  though  this  does  not  apply  to  all  Lepidoptera 
with  hard  mature  wings.  We  have  been  able  to  observe  the  same 
sti-uctm-e  in  sections  of  the  wing  of  Zygsena. 
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A  cross-section  of  a  vein  of  Pieris  brassicce  shows  that  the  large 
trachea  is  first  formed,  and  that  it  extends  along  the  track  between 
the  protoplasmic  threads  connecting  the  two  hypodermal  layers. 

The  main  tracheae  throw  off  on  both  sides  a  number  of  secondary 
branches  showing  at  their  end  a  cell  with  an  intracellular  tracheal 
structure ;  these  accessory  tracheae  afterwards  branch  out.  The  acces- 
sory or  transverse  tracheae  often  disappear,  though  in  some  moths  the\' 
remain  permanently.  Fig.  137  tr2  represents  these  secondary  veins 
in  the  edge  of  the  fore  wing  of  Lavema  vanella,  arising  from  a  main 
trachea  (tr)  passing  through  vein  I  (y),  two  of  the  twigs  extending  to 
the  centre,  showing  that  the  latter  has  no  homology  with  a  true  vein. 
Only  rarely  and  in  strongly  developed  thick  folds  are  the  transverse 
tracheae  provided  with  a  chitinous  thickening,  as  for  example  in 
Cosmis  ligniperdu.  Since  from  such  accessory  tracheae  the  transverse 
veins  in  lepidopterous  wings  are  developed,  we  can  recognize  in 
them  the  homologies  of  the  net-veins  in  reticulated  venations. 
There  is  no  sharply  defined  difference  between  reticulated  and  non- 
reticulated  venations ;  no  genetic  difference  exists  between  the  t\\x> 
kinds  of  venation,  since  there  occur  true  Blattidae  both  with  and 
without  a  reticulated  venation  (Spuler). 

In  the  fore  wings  of  Odonata,  Psocina,  Mantispidae,  and  most 
Hymenoptera  is  an  usually  opaque  colored  area  between  the  costal 
edge  and  the  median  vein,  called  the  2)tero8tignia. 

In  shape  the  wings  are  either  triangular  or  linear  oval,  and  at  the 
front  edge  the  main  veins  are  closer  together  than  elsewhere,  thus 
strengthening  the  wings  and  affording  the  greatest  resistance  to  the 
air  in  making  the  downward  stroke  during  flight.  It  is  noticeable 
that  w^hen  the  veins  are  in  part  aborted  from  partial  disuse  of  the 
wings,  they  disappear  first  from  the  hinder  and  middle  edge,  those 
on  'the  Costal  region  persisting.  This  is  seen  in  the  wings  of 
Embiidte  (Oligotoma),  Cynipidae,  Proctotrupidae,  Chalcids,  ants,  etc. 

The  front  edge  of  the  wing  is  called  the  costal,  its  termination  in 
the  outer  angle  of  the  wing  is  called  the  apex ;  the  outer  edge  (termen) 
is  situated  between  the  apex  and  the  iimer  or  anal  angle,  between 
which  and  the  base  of  the  w^ing  is  the  inner  or  internal  edge. 

While  in  Orthoptera,  dragon-flies,  Termitidae,  and  Xeuroptera  the 
wings  are  not  attached  to  each  other,  in  many  Lepidoptcra  they 
are  loosely  connected  by  the  loop  and  frenulum,  or  in  Hymenop- 
tera by  a  series  of  strong  hooks.  These  hooks  are  arranged, 
says  Newport,  "  in  a  slightly  twisted  or  spiral  direction  along  the 
margin  of  the  wing,  so  as  to  resemble  a  screw,  and  when  the  wings 
are  expanded  attach  themselves  to  a  little  fold  on  the  i)osterior  mar- 
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gin  of  the  anterior  wing,  along  which  they  play  very  freely  when 
the  wings  are  in  motion,  slipping  to  and  fro  like  the  rings  on  the  rod 
of  a  window  curtain." 

At  the  base  of  the  hind  wings  of  Trichoptera  and  in  the  lepi- 
dopterous  Micropteryx  there  is  an  angular  fold  {jygum)  at  the  base 
of  each  wing  (Fig.  138) ;  that  of  the  anterior  wings  is  retained  in 
Eriocephala  and  Hepialidae. 

In  the  wings  of  Orthoptera  as  well  as  other  insects,  the  fore 
wings,  especially,  are  divided  into  three  well-marked  areas,  the  cos- 


FiG.  13S.  —  Venation  of  fore  and  hind  winpfs  of  Micronteryv.  purpureUa :  /},  jujriim,  on  eacli 
wing ;  </,  discal  vein  ;  the  Roman  numerals  indicate  veins  I.-VIII.  and  their  branches. 


tal,  median,  and  internal ;  of  these  the  median  area  is  the  largest, 
and  in  grasshoppers  and  crickets  is  more  or  less  modified  to  form  the 
musical  apparatus,  consisting  of  the  drum-like  resonant  area,  with 
the  file  or  bow. 

Tlic  squamae.  —  In  the  cal5''ptrate  Muscidse,  a  large  scale-like  mem- 
branous broad  orbicular  whitish  process  is  situated  beneath  the  base 
of  the  wing,  above  the  halter ;  (Fig.  94,  10  sq.)  it  is  either  small  or 
wanting  in  the  acalyptrate  muscids.  Kirby  and  Spence  state  that 
when  the  insect  is  at  rest  the  two  divisions  of  this  double  lobe  are 
folded  over  each  other,  but  are  extended  during  flight.  Their  exact 
use  is  unknown.  Kolbe,  following  other  German  authors,  considers 
the  term  squama  as  applicable  to  the  whole  structure,  restricting  the 
term  alula  to  the  other  lobe-like  division. 
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More  recently  (1896  and  1897)  Osten-Sacken  recommends  "  squamae  in  the 
plural,  as  a  designation  for  both  of  these  organs  taken  together  ;  squama,  in  the 
singular,  would  mean  the  posterior  squama  alone,  and  antisquama  the  anterior 
squama  alone  ;*^  the  strip  of  membrane  running  in  some  cases  between  them, 
or  connecting  the  squama  with  the  scutellum,  should  be  called  the  post-alar 
membrane.  By  a  mistake  Loew,  and  others  following  liim,  used  the  word 
tefjula  for  squama^  but  this  term  should  be  restricted  to  the  sclerite  of  the  meso- 
thorax  previously  so  designated  (Fig.  dO,At  0  •  '^^^^  squama  or  its  two  subdivisions 
has  also  by  various  authors  been  termed  alula,  calypta,  squamula,  lobulus, 
axillary  lobe,  aileron,  cuilleron,  schuppen,  and  scale.  (Berlin  Ent.  Zeitschrift, 
xli,  1896,  pp.  285-288,  328,  :W8.) 

The  halteres.  —  In  the  Diptera  the  hind  wings  are  modified  to  form 
the  halteres  or  balancers,  which  are  present  in  all  the  species,  even  in 
Nycteribia,  but  are  absent  in  Braula. 

Meinert  finds  stmcturcs  in  the  Lepidoptera  which  he  considers  as  the  homo- 
logues  of  the  halteres  of  Diptera.  **In  the  Noctuidae,"  he  remarks,  '*!  find 
arising  from  the  fourth  thoracic  segment  (segment  mMiaire),  but  covered  by 
hair,  an  organ  like  the  halter  of  Diptera."  (Knt.  Tidskrift.,  i,  1880,  p.  108.) 
He  gives  no  details. 

In  the  Stylopidae,  on  the  contrary,  the  fore  wings  are  reduced  to 
little  narrow  pads,  while  the  hind  wings  are  of  great  size. 

The  thyridlum  is  a  whitish  si)ot  marking  a  break  in  the  cubital 
vein  of  the  fore  wing  of  Trichoptera ;  these  minute  thyridia  occur 
in  the  fore  wings  of  the  saw-flies ;  there  is  also  an  intercostal  thyri- 
dium  on  the  costal  part  of  the  wings  of  Dermaptera. 

The  fore  wings  of  Orthoptera  are  thicker  than  the  hinder  ones, 
and  serve  to  protect  the  hind-body  when  the  wings  are  folded ;  they 
are  sometimes  called  tpgmina.  It  is  noteworthy,  that,  according  to 
Scudder,  in  all  the  paleozoic  cockroaches  the  fore  wings  (tegmina) 
were  as  distinctly  veined  as  the  hinder  pair,  "  and  could  not  in  any 
sense  be  called  coriaceous."  (Pretertiary  Insects  of  X.  A.,  p.  39.) 
Scudder  also  observes  that  in  the  paleozoic  insects  as  a  rule  the  fore 
and  hind  wings  were  similar  in  shape  and  venation.  "  heterogeneity 
making  its  appearance  in  mesozoic  times."  In  the  heteropterous 
Hemiptera,  also,  the  basal  half  of  the  fore  wings  is  thick  and  cori- 
aceous or  ])archment-like,  and  also  j)rotects  the  body  when  they  are 
folded ;  these  wings  are  called  hemeh/tra.  In  the  Dermaptera  the 
small  short  fore  wings  are  thickened  and  elytriform. 

The  elytra.  —  This  thickening  of  the  fore  wings  is  carried  out  to 
its  fullest  extent  in  the  fore  wings  of  beetles,  where  they  form  the 
sheaths,  shards,  or  elytra,  under  which  the  hind  wings  are  folded.  The 
infiexed  costal  edge  is  called  the  epipleurnm,  being  wide  in  the  Tene- 
brionidae.     During  flight  "the  elytra  are  opened  so  as  to  form  an 
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angle  with  the  body  and  admit  of  the  free  play  of  the  wings" 
(Kirby  and  Spence),  In  the  miming  beetles  (Carabidie),  also  in  the 
weevils  and  in  many  I'tiiiidae,  tlie  hind  wings  are  wanting,  through 
disuse,  and  often  the  elytra  are  firmly  united,  forming  a.  single  hard 
shell  or  case.  The  liriiiness  of  the  elytra  is  due  both  to  the  thick- 
ness of  the  chitinous  dejiosit  and  to  the  presence  of  minute  chitinous 
i-ods  or  pillars  connecting  the  upper  and  lower  cliitinoiis  surfaces. 

Hoffbaiier  finds  that  in  the  elytra  of  beetles  of  different  families 
the  venation  characteristic  ot  the  hind  wings  is  wanting,  the  main 
trachete  l»eing  irregular  or  arranged  in  closely  parallel  longitudinal 
lines,  and  nerve-fibres  pass  along  near  tht^m,  sense-organs  being  also 
present.  The  fat-bodies  in  the  cavity  of  tlie  elytra,  wliich  is  lined 
with  a  matrix  layer,  besides  nerves,  trachese,  and  blood,  contain  se- 
cretory vesicles  filled  with  uric-acid  concretions  such  as  occur  in  the 


Fra.  IW.  — LoniilliidlnsI  upctton  Ihmnch  the  edjre  <>r  the  <?1ylruin  ot  Uiui  (rata:  ffl,  Rlinda; 
r.KMrvt*-;/*,  fat-body;  ni.mBiri.  ;  n,  uppn-.-f,  lower,  Iwndl*.- After  nrnftaner. 

fat-body  of  Lampyris.  There  are  also  a  great  many  glands  varying 
much  in  structure  and  position,  such  occurring  also  in  the  pronotum 
(Fig.  139). 

Meinert  considers  the  elytra  of  Coleoptera  M)  be  the  homol(^:ue8  of  the  tepulie 
ot  I.epkloptera  and  of  Hynienojitera.  He  also  calla  attention  to  the  alula 
observed  in  Dylicua,  situated  at  the  base  ot  tlie  elytra,  but  which  is  totally 
covered  by  the  latter.  The  aliilie  of  these  beetles  he  re^arda  as  the  Uomolngues 
of  the  anterior  \rings  of  Itymenoptem  and  Diptera.  No  details  are  given  jn 
■upport  of  these  viewx.     (Eiit.  Tiilakrift,  i,  1880,  p.  ISH.) 

Hoffbauer  (1802)  alao  has  siiggesttHi  that  the  elytra  are  not  tlie  bomologues  of 
the  fore  wings  of  other  Insects,  but  of  the  tegulffi. 

Kolbe  describes  the  nliUa  nf  Dyticus  as  a  delicate,  membranous  lobe  at  the 
base  of  the  elytra,  but  not  visible  when  they  are  closed :  its  triii^d  edge  in 
Dyticus  is  bordered  by  a  thickening  forming  a  tube  which  contains  a  fluid. 
The  alula  is  united  with  the  inner  basal  portion  and  articulation  of  the  wing- 
cover,  forming  a  continuation  of  them.  Ilufour  considered  that  the  humming 
noise  made  by  these  beetles  is  produce<i  by  the  alulets. 

Hoffbauer  finds  no  structural  resemblances  in  the  alulie  of  Dyticus  Ui  the 
elytra.  He  does  not  Snd  "the  least  trace  of  veins."  They  are  more  like  ap- 
pendages of  the  elytra.     Lacordaire  considered  that  their  function  is  to  prevent 


126  TEXT-BOOK  OF  ENTOMOLOGY 

the  disarticulation  of  the  elytra,  but  Hoffbauer  thinks  that  they  serve  as  con- 
trivances to  retain  the  air  which  the  beetle  carries  down  with  it  under  the  sur- 
face, since  he  almost  always  found  a  bubble  of  air  concealed  under  it ;  besides, 
tlieir  folded  and  fringed  edge  seems  especially  fitted  for  taking  in  and  retaining 
air.  Hoffbauer  then  describes  the  tegula*  of  the  hornet  and  finds  them  to  be, 
not  as  Cholodkovsky  states,  hard,  solid,  chitinous  plates,  but  hollow,  lliey  are 
inserted  immediately  over  the  base  or  insertion  of  the  fore  wings,  being  articu- 
lated by  a  hinge-joint,  the  upper  lamella  extending  into  a  cavity  of  the  side  of 
the  mesothorax,  and  connected  by  a  hinge-like,  articulating  membrane  with  the 
lower  projection  of  the  bag  or  cavity.  The  lower  lamella  becomes  thinner 
towards  the  place  of  insertion,  is  slightly  folded,  and  merges  without  any  articu- 
lation into  the  thin,  thoracic  wall  at  a  point  situated  over  the  insertion  of  the 
fore  wing.  The  tegulae  also  differ  from  the  wings  in  having  no  muscles  to  move 
them,  the  actual  movements  being  of  a  passive  nature,  and  due  to  the  upward 
and  downward  strokes  of  the  wings. 

Comstock  adopts  Meinert's  view  that  the  elytra  are  not  true  fore  wings,  but 
gives  no  reasons.     (Manual,  p.  495.) 

Dr.  Sharp,!  however,  after  examining  Dyticus  and  Cybister,  affirms  that  this 
structure  is  only  a  part  of  the  elytron,  to  which  it  is  extensively  attached,  and 
that  it  corresponds  with  the  angle  at  the  base  of  the  wing  seen  in  so  many 
insects  that  fold  their  front  wings  against  the  body.  He  does  not  think  that 
the  alula  affords  any  support  to  the  view  that  the  elytra  of  beetles  correspond 
with  the  tegulaB  of  Hymenoptera  rather  than  with  the  fore  wings. 

That  the  elytra  are  modified  paraptera  (tegulpe)  is  negatived  by  the  fact  that 
the  latter  have  no  muscles,  and  that  the  elytra  contain  tracheae  whose  irregular 
arrangement  may  be  part  of  the  modified  degenerate  structure  of  the  elytra. 
Kolbe  finds  evidences  of  veins.  The  question  may  also  be  settled  by  an  ex- 
amination of  the  structure  of  the  pupal  wings.  A  study  of  a  series  of  sections 
of  both  pairs  of  wings  of  the  pupa  of  Doryphora  and  of  a  Clytus  convinces  us 
that  the  elytra  are  the  homologues  of  the  fore  wings  of  other  insects. 

e.   Development  and  mode  of  origin  of  the  wings 

Embryonic  development  of  the  wings. — The  wings  of  insects  are 
essentially  simple  dorsal  outgrowths  of  the  integument,  being  evagi- 
nations  of  the  hypodermis.  They  begin  to  form  in  the  embryo  before 
hatching,  first  appearing  as  folds,  buds,  or  evaginations,  of  the  hypo- 
dermis, which  lie  in  pouches,  called  peripodal  cavities.  They  are 
not  visible  externally  until  rather  late  in  larval  life,  after  the  insect, 
such  as  a  grasshopper,  has  moulted  twice  or  more  times;  while  in 
holometabolous  insects  they  are  not  seen  externally  until  the  pupa 
state  is  attained. 

The  subject  of  their  origin  is  in  a  less  satisfactory  state  than  de 
sirable  from  the  fact  that  at  the  outset  the  development  of  the  wings 
of  the  most  generalized  insects,  such  as  Orthoptera,  Termes,  etc., 
was  not  first  examined,  that  of  the  most  highly  modified  of  any 
insects,  i.e.  the  Muscida*,  having  actually  been  first  studied. 

1  Proc.  Ent.  Soo.  London.  Feb.  19, 181X».  Heymons  also  shows  that  the  germs  of 
the  elytra  of  the  larva  of  Teuehrio  molitor  in  the  prepupal  sta>re  are  like  those  of 
other  insects.    (Sitzungs-Ber.  Gesell.  natur  f.  Freuiule  zu  Berlin,  1896,  pp.  142-144.) 
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In  the  course  of  his  eDibryoIogical  studies  on  the  Muscidce  {Musca 
vomiloria  and  Sarcophaga  earnaria)  Weisniann  (1864)  in  examining 
the  larvifi  of  these  flies  juat  before  pupation,  found  that  the  wings, 
as  well  as  the  legs  and  mouth-apiwndagea,  deve)oi>ed  from  micro- 
st'opic  masses  of  iudifEerent  cells,  which  he  called  "imaginal  discs." 
From  the  six  imaginal  discs  or  buds  in  the  lower  part  of  the  thorax 
arise  the  legs,  while  from  four  dorsal  discs,  two  in  the  meso-  and  two 
in  the  nietathoracic  segment,  arise  the  fore  ajid  hind  wings  (Fig.  141.) 
These  imaginal  buds,  as  we  prefer  to  call  these  germs,  usually  appear 
at  the  close  of  embrj-onic  life,  being  found  in  freshly  hat^ihed  larvte. 

As  first  observed  by  Weiamann,  the  bnds  are,  like  those  of  the 
api)endages,  simply  attached  to  trachese  and  sometimes  to  nerves, 


Fid.  14n.  —  Imiginil  bulls  In 


-C,  In  embryn  of 
Ajf.^hypoilfniil* ; 


in  the  former  case  appearing  as  minute  folds  or  swellings  of 
the  peritoneal  membrane  of  certain  of  the  tracheee.  In  Volucella 
the  imaginal  buds  wei-e,  however,  found  by  Kllnckel  d'Herculais  to 
he  in  union  with  the  liypodennis.  Dewitz  detected  a  delicate  thread- 
like atalk  connecting  the  iHTijiodal  membrane  with  the  hypodermis, 
and  \'an  Rees  has  since  proved  in  Musca,  and  I'ratt  in  Melophagus, 
tlip  connection  of  the  imaginal  biuls  with  the  hypodermis  (Fig.  140). 
These  tracheal  enlargements  increase  in  size,  and  become  diffei-eu- 
tiated  into  a  solid  mass  which  corresponds  to  the  upper  part  of  the 
mesothorax,  while  a  tongue-shaped  continuation  becomes  the  rudi- 
ment of  the  wing.     During  larval  life  the  rudiments  of  the  winga 
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crumple,  thus  forming  a  cavity.  While  the  larva  is  transforming 
into  the  pupa,  the  sheath  or  peripodal  membranes  of  the  rudimentary 
wings  are  drawn  back,  the  blood  presses  in,  and  thus  the  wings  are 
everted  out  of  the  peripodal  cavities. 

Due  credit,  however,  should  be  given  to  Herold,  as  the  pioneer  in  these  studies, 
who  first  described  in  his  excellent  work  on  the  development  of  Pier  is  brassicce 
(1815)  the  wing-germs  in  the  caterpillar  after  the  third  moult.  This  discovery 
has  been  overlooked  by  recent  writers,  with  the  exception  of  Gonin,  whose 
statement  of  Herold^s  views  we  have  verified.  Herold  states  that  the  germs  of 
the  wings  appear  on  the  inside  of  the  second  and  third  thoracic  segments,  and 
are  recognized  by  their  attachment  to  the  ** protoplasmic  network*'  (^schleim- 
netz),  which  we  take  to  be  the  hypodermis,  the  net-like  appearance  of  this 
structure  being  due  to  the  cell-walls  of  the  elements  of  the  hypodermal  mem- 
brane. These  germs  are,  says  Herold,  also  distinguished  from  the  flakes  of  the 
fat-body  by  their  regular  symmetrical  form.  Fine  tracheae  are  attached  to  the 
wing-germs,  in  the  same  way  as  to  the  flakes  of  the  fat-body.  It  thus  appears 
that  Herold  in  a  vague  way  attributes  the  origin  of  these  wing-germs,  and  also 
the  germs  of  the  leg,  to  the  hypodermis,  since  his  schleimnetz  is  the  membrane 
which  builds  up  the  new  skin.  Herold  also  studied  the  later  development  of 
the  wings,  and  discovered  the  mode  of  origin  of  the  veins,  and  in  a  vague  way 
traced  the  origin  of  the  scales  and  hairs  of  the  body,  as  well  as  that  of  the  colors 
of  the  butterfly. 

Herold  also  says  that  as  the  caterpillar  grows  larger,  and  also  the  wing-germs, 
*^the  larval  skin  in  the  region  under  which  they  lie  hidden  is  spotted  and 
swollen,"  and  he  adds  in  a  footnote:  "This  is  the  case  with  all  smooth  cater- 
pillars marked  with  bright  colors.  In  dark  and  hairy  caterpillars  the  swelling 
of  the  skin  through  the  growth  of  the  underlying  wing-germs  is  less  distinct  or 
not  visible  at  all "  (pp.  29,  30). 

It  should  be  added  that  Malpighi,  Swammerdam,  and  also  Reaumur  had  de- 
tected the  rudiments  of  the  wings  in  the  caterpillar  just  before  pupation  under 
the  old  larval  skin.  Lyonet  (1760)  also  describes  and  figures  the  four  wing- 
germs  situated  in  the  second  and  third  thoracic  segments,  but  was  uncertain  as 
to  their  nature.  Each  of  these  masses,  he  says,  is  "situated  in  the  fatty  body 
without  being  united  to  it,  ai\d  is  attached  to  the  skin  in  a  deep  fold  which  it 
makes  there."  He  could  throw  no  certain  light  on  their  nature,  but  says :  "  their 
number  and  situation  leads  to  the  supposition  that  they  may  be  the  rudiments 
of  the  wings  of  the  moth"  (pp.  449,  450). 

During  the  transformation  into  the  pupa  the  imaginal  buds  unite 
and  grow  out  or  extend  along  their  edges,  while  the  enveloping  mem- 
brane disappears.  The  rudimentary  wings  are  now  like  little  sacs, 
and  soon  show  a  fusion  of  the  two  wing-membranes  or  laminae  with 
the  veins,  while  the  trachejn  disa])pear,  the  places  occupied  by  the 
tracheae  becoming  the  veins.  "  Very  early,  as  soon  as  the  scales  are 
indicated,  begin  in  a  very  peculiar  way  the  fusion  of  the  wing- 
laminae.  There  occur  openings  in  the  hypodermis  into  which  the 
cells  extend  longitudinally  and  then  laterally  give  way  to  each  other. 
Hence  no  complete  opening  is  found,  but  the  epithelium  appears 
by  sections  through  a  straight  line  shari)ly  bordered  along  the  wing- 
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cavity.  It  is  acontinuous  inembrane  formed  of  plasma  which  I  will  call 
the  ground  membrane  of  the  epithelium.  Through  this  ground  mem- 
brane pass  blood-corpuacles  as  well  as  blood-lymph."     (Scha^ffer.) 


Fie.  141,  — ADtflrior  jjut  of  yrmng  1ut>  of  Simnlium  iifricM,  thaming  the  thonetc  Iraagliu] 
bods:  p.  proUumKlc  biul(uii]y  an«  nnt  Btubryauic) ;  n-.  w'.  ton  and  hind  wlnir-budi ;  I,  I',  I",  ler- 
bnd»;   n.  nerroDn  Byat«m;    hr,  bnln;    f,  fy^'t  "d,  ulivkry  dual;  A  prutliorbHc  foot.  —  Afler 

Afterwards  (18C6)  Weismann  studied  the  development  of  the 
wings  in  Gorethra  phimicomig,  which  is  a  much  more  primitive  and 
generalized  form  than  Jtusca,  and  in  which  the  process  of  develop- 
ment of  the  wings  is  much  simpler,  and,  as  since  discovered,  more  as 
in  other  holometabolous  insects.  He  also  examined  those  of  Simii- 
lium  {Fig.  141). 

In  Corethra,  afWr  the  fourth  wid  last  larval  moulting,  [here  arises  at  firat  by 
evagination  and  afterwnrdg  by  invagination  a  cup-shaped  depreesion  on  each 
Bide  in  the  upper  part  ot  the  meaothoracic  sepneut  within  which  tlie  rudiment 
of  the  winjra  lies  tike  a  plug.  The  wings  without  otlier  change  simply  increace 
iu  size  until,  in  the  transformation  Into  tiie  pupa  by  the  withdrawal  of  the 
hypodermis,  the  winge  project  out  and  become  tilled  witli  blood,  the  trachete 
DOW  being  wholly  wsintiug,  and  other  tiMUCH  being  sparingly  present. 


r».  !«.  — 9«t1on  throogh  Ihoni  of  sTlneld  lirvnon  eyrnmon',  juis-iItib  Ibroiifrh  Ihe  1 
er-1  muscles;  ipu-i  of  ihe  tax,  body  overllKs  iho  hearl.    A,  right  wing-germ  enlaiBod. 
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These  observations  on  two  widely  separate  groups  of  Diptera  were  confirmed 
by  Landois,  and  afterwards  b;  PsncrlliUB.  fur  tlie  Lepldoptera,  by  Ganin  for  the 
Hymenoptera,  by  Dewitz  for  Hymenoptera  (ants)  and  Trichoptera ;  also  for  the 
NeuToptera  by  I'ancrltins.  In  the  ant-lion  {Myrmeteun  furmicarivs)  PaiicriLius 
found  no  rudiments  of  the  wings  In  larvie  a  year  old,  but  tliey  were  detected  in 
the  second  year  of  larval  life,  SJ>d  do  not  differ  much  liistologicaliy  or  in  shape 
from  tboKe  of  l.epidoptera.  In  the  Coleoptera  and  Hymenoptera  the  imaginat 
buds  appear  rather  late  in  larval  life,  yet  their  structure  is  like  that  of  Lepl- 
doptera. In  Cimbex  the  rudiments  of  the  wings  are  not  found  in  the  young 
larva,  but  are  seen  in  the  semipupa,  which  stage  lasts  over  six  weeks. 

The  general  relation  of  the  rudiments  (imagtnal  buds)  of  the  wings 
of  a  tineid  moth  to  the  rest  of  the  body  near  the  end  of  larval 
life  may  be  seen  in  Figs.  142, 143  (Tinea '!),  the  sections  not,  however, 


I  -i^ 


showing  their  connection  with  the  hypodermis,  which  lias  been  torn 
away  during  the  prueess  of  cutting.  Tliat  the  wing  is  but  a  fold  of 
the  hypodermis  is  well  seen  in  Fig.  144.  of  l>atana.  which  represents 
a  much  later  stage  of  development  than  in  Figs.  142  and  143,  the 
larva  just  entering  on  the  semipnpa  stage. 

In  ojiterpillars  of  staRe  I.  3  to  4  mm.  in  length.  Gonin  found  tlie 
wing-geruis  as  in  Fig.  145.  A  being  a  thickening  of  the  hypodermis, 
with  the  embryonic  cells,  i.e.  of  Verson.  on  the  convex  border. 
The  two  leaves,  or  sides  of  the  wing,  begin  to  differentiate  in  st£^^ 
II  {C,  D),  and  in  stage  III  the  envelope  is  formed  (E),  while  the 
trachete  begin  to  proliferate,  and  the  capillary  trachea-  or  tracheoles 
at  this  time  arise  (Fig.  145,  Ic).    The  wall  of  the  principal  trachea 
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appears  to  be  resolved  into  filaments,  and  all  the  secondary  branches 
assume  the  appearance  of  bundles  of  twine.  Landois  regarded  them 
as  the  product  of  a  transformation  of  the  nuclei,  but  Gonin  thinks 
they  arise  from  the  entire  cells,  stating  that  from  each  cell  arises 
a  ball  (peloton)  of  small  twisted  tubes. 

As  the  large  branches  penetrate  into  the  wing,  the  balls  (pelotons) 
of  fine  tracheal  threads  tend  to  unroll,  and  eaeh  of  the  new  ramifica- 
tions of  the  secondary  tracheal  system  is  accompanied  in  its  course 
by  a  bundle  of  capillary  tubes.  This  secondary  system  of  wing- 
trachese,  then,  arises  from  the  mother  trachea  at  the  end  of  the  third 


V 

Fm.  144.  — i'wH.ni  Hirough  mewllinrtcLr  atvin«nl  at  r>ala«a  iBiMirfpn.  (hmIiik  Ihmuih  Ihn 
wlnm  ("■) ;  r,  cuiiculi ;  ftj/o,  hviwrtmnLn ;  up,  t\>.<AviBt :  dm.  doru]  lomdiudlniJ.  —  rm.  vsnml 
loiwttumDsl.  mosclei:  ilmt.  d^resMir  muio^  or  ter«uiui  f.  tracb«>:  n.  nerve  curds;  I,  Intr.v 

stage,  when  we  find  already  formed  the  chitinous  tunic,  which  will 
persist  through  the  fourth  stage  up  to  pupation.  It  differs  from  the 
tracheoles  in  not  communicating  with  the  air-passage;  it  possesses 
no  spiral  membrane  at  the  origin,  and  takes  no  part  in  respiration. 

Gonin  thus  sums  iip  the  nature  of  the  two  tracheal  systems  in  the 
rudimentary  wing,  which  he  calls  the  provisional  and  permanent 
systems.  "  The  first,  appearing  in  the  second  stage  of  the  larva,  com- 
prises all  the  capillary  tubes,  and  arising  from  numerous  branches 
passes  off  from  the  lateral  trunk  of  the  thorax  before  reaching  the 
wing;  the  second  is  formed  a  little  later  by  the  direct  ramification 
of  the  principal  branch. 


132 


TEXT-BOOK  OF  ENTOMOLOGY 


"  These  two  systems  are  absolutely  independent  of  each  otlier 
within  the  wing.  Their  existence  is  simultaneous  but  not  conjoint. 
One  is  functionally  active  after  the  third  moult ;  the  other  waits  the 
final  transformation  before  becoming  active." 

Evaginatlon  of  the  wing  outside  of  the  body.  —  We  have  seen  that 
the  alary  therms  arise  as  inva^nations  of  the  hy{)odermis ;  we  will 
now,  with  the  aid  of  Gonin's  account,  briefly  describe,  so  far  aa  i.'* 
known,  the  mode  of  evagination  of  the  wings.  During  the  fourth 
and  last  stajje  of  the  caterpillar  of  Pieris,  the  wings  grow  very 
^  ^  rapidly,  and  undergo 

important  changes. 

Six  or  seven  days 
after  the  last  larval 
moult  the  chitinoua 
wall  is  formed,  the 
wing  remaining  trans- 
parent. It  grows 
rapidly  and  its  lower 
edge  extends  near  the 
legs.  It  is  now  much 
crumpled  on  the  edge, 
owing  to  its  rapid 
growth  within  the 
limits  of  its  own  seg- 
ment. Partly  from 
l)eing  somewhat  le- 
tra»?ted,  and  partly 
owing  to  the  irregu- 
larity of  its  surface, 
the  wing  gradually 
separates  from  its 
envelojie,  and  the 
will  of  ill-  wing ;  rf.  rjiiwimi  wall ;  -,  i".'!!  "f  a  itriiii'  luir ;  tr.    cavity    of    invagina- 

rAliillun- Iubi>A ~  c  cavltv  nf  InvjiffliiBlliiii  -  .\n<-r<riHili]  '' 

tion  (Fig.  14*i,  c) 
becomes  more  like  a  distinct  or  real  space.  The  ont«r  opening  of  the 
alary  sac  enlarges  quite  plainly,  though  without  reaching  tlie  level  of 
the  edge  of  the  wing. 

This  condition  of  things  does  not  still  exactly  explain  how  the 
wing  passes  to  the  outside  of  the  body.  Gonin  compares  these  con- 
ditions to  those  exhibited  by  a  series  ot  sections  of  the  larva,  made 
forty -eight  hours  later,  on  a  caterpillar  which  had  just  spun  its  girdle 
of  silU,     At  this  time  tlic  win;,'s  have  become  entirely  external,  but, 


t  <if  ihf  Invifilniilliin  |>II.    B,  ivrilon  |aI<^l 
Innllun  pli :—'/'.  Iwhiiid  It,  mikinK  Uw  hi 


l»|>«dl«' 
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says  Gonin,  we  do  not  see  the  why  or  the  how.  The  partition  of 
the  sac  has  disappeared,  and  with  it  the  cavity  and  the  leaf  of  the 
envelope. 

It  appears  probable  that  the  partition  has  been  destroyed,  because  the  space 
between  the  two  teguments  Is  strewn  with  numerous  bits,  many  of  which  adhere 
to  the  chitinous  integument,  while  others  are  scattered  along  the  edges  of  the 
wings,  in  their  folds,  or  between  the  wings  and  the  wall  of  the  thorax. 

Another  series  of  sections  showed  that  the  exit  of  the  fore  wings  had  been 
accomplished,  while  the  hinder  pair  was  undergoing  the  process  of  e version. 
In  this  case  the  partition  showed  signs  of  degeneration :  defonnation  of  the 
nuclei,  indistinct  cellular  limits,  pigmentation,  granular  leucocytes,  and  fatty 
globules. 

After  the  destruction  of  the  partition,  what  remains  of  the  layer  of  the 
envelope  is  destined  to  make  a  part  of  the  thoracic  wall  and  undergoes  for  this 
purpose  a  superficial  desquamation.  The  layer  of  flattened  cells  is  removed  and 
replaced  by  a  firmer  epithelium  like  that  covering  the  other  regions.  It  is  this 
renewed  hypodermis  which  conceals  the  wing  within,  serves  to  separate  it  from 
the  cavity  of  the  body,  and  gives  the  illusion  of  a  complete  change  in  it^  situa- 
tion. Other  changes  occur,  all  forming  a  complete  regeneration,  but  which  does 
not  accord  with  the  description  of  Van  Rees  for  the  Muscidse.  Finally,  Gonin 
concludes  that  the  debris  scattered  about  the  wing  comes  from  the  two  layers  of 
the  partition  of  the  sac,  from  the  flattened  hypodermis  of  the  renewed  envelope, 
from  the  chitinous  cuticle  of  the  wing,  and  from  the  inner  surface  of  the 
chitinous  integument. 

He  thinks  that  the  metamorphosis  of  Pieris  is  intermediate  between  the  two 
types  of  Corethra  and  of  Musca,  established  by  Weismann,  as  follows: 

Corethra.  —  The  wing  is  formed  in  a  simple  depression  of  the  hypodermic 
wall.    No  destruction. 

Pieris.  —  The  rudiment  is  concealed  in  a  sac  atta<;hed  to  the  hypodermis  by  a 
short  pedicel.  DestiTiction  of  the  partition  and  its  replacement  by  a  part  of  the 
thoracic  wall  by  means  of  the  imaginal  epithelium. 

Musca.  — The  pedicel  is  represented  by  a  cord  of  variable  length,  whose  cavity 
may  be  obliterated  (Van  Kees).  The  imaginal  hypodermis  is  substituted  for 
the  larval  hypodermis,  which  has  completely  disappeared,  either  by  desquama- 
tion (Viallanes),  or  by  histolytic  resorption  (Van  Kees). 

Extension  of  the  wing ;  drawing  out  of  the  tracheoles.  — When  it  is 
disengaged  from  the  cavity,  the  wing  greatly  elongates  and  the 
creases  on  its  surface  are  sHioothed  out ;  the  blood  penetrates  between 
the  two  walls,  and  the  cellular  fibres,  before  relaxed  and  sinuous, 
are  now  firmly  extended. 

Of  the  two  tracheal  systems,  the  large  branches  are  sinuous,  and 
they  are  rendered  more  distinct  by  the  presence  of  a  spiral  mem- 
brane ;  but  the  two  tunics  are  not  separated  as  in  the  other  trachea? 
of  the  thorax ;  moreover,  the  mouth  choked  up  with  debris  does  not 
yet  communicate  wuth  that  of  the  principal  trunk.  The  bvmdles  of 
tracheoles  on  their  part  form  straight  lines,  as  if  the  folds  of  the 
organ  had  had  no  influence  on  them.  As  they  have  remained  bound 
together,  apart  from  the  chitinous  membrane  of  the  tracheal  trunk, 
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they  become  drawn  out  with  thia  membrane,  at  the  time  of  exuvia- 
tion, i.e.  of  pupation,  and  are  drawn  out  of  the  neighboring  spiracle. 

"This  Is  a  very  curious  phenomenon,  which  can  be  yerifled  eiperimentally : 
[f  we  cut  oH  the  wing,  while  sparing  the  larval  iDCeguroent  around  the  thoracic 
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spiracles,  we  preserve  the  two  tracheal  systcnis ;  the  same  operation  performed 
atltr  uoinplete  removal  of  tlie  larval  skin  does  not  Rive  the  avcondary  tracheal 
syslcin."  (Gonin.)  Deceived  by  the  ap))earance  of  the  traclieolcs  while  still 
undeveloped,  Landnis  and  Pancriciua.  who  liave  not  mentioned  the  drawing  out 
of  tlie  oapillaries  of  the  larva,  aflirin  that  they  are  destroyed  by  resorplion  in  the 
chrysalis. 
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"The  stnd;  of  the  trachea  is  closely  coonected  with  that  of  the  veins 
(nervnres).  It  is  nell  to  guard  against  the  error  of  Verson,  who  mistakes  for 
these  laat  the  large  tracheal  branches  of  the  wing.  This  confusion  is  easily 
explained ;  it  proves  that  Verson  had,  with  us,  recognized  that  the  secondary 
system  is,  in  the  larva,  exempt  from  all  respiratory  function.     Landois  thought 


yio.  14T.  —  Left  uitrrlnr  uini  ttt  lorvii »  dayii  befnn  popitloii.  The  iHisMHor  purl  >■  rollol  u[ 

that  the  pupal  period  fi 
probable  that  they  are 
(Gonin,  pp.  30-33.) 

The  appearance  of  the  wing-germs  in  the  fully  grown  caterpillar, 
as  revealed  by  simple  dissection,  is  shown  at  Fig.  146;   Fig.  147 
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represents  a  wing  of  a  larva  three  days  before  pupation,  with  the 
germ  of  a  thoracic  leg. 

A.  6.  Mayer  has  examined  the  late  development  of  the  wings  in 
Pieria  rajXB.     Fig.  149  represents  a  frontal  section  through  the  left 


id  lirtinu^-  LnvB^DtlLoh  nT  tite  hrpfr. 


wing  of  a  mature  larva  and  shows  the  rudiment  of  the  wing,  lying 
in  its  liypodei'inal  pocket  or  peripodal  cavity.     How  the  trachea 
passes   into  the    riidiincn- 
tary  wing,  and  eventually 
becomes  divided    into    the 
branches,  aroiuid  which  the 
main  veins  afterwards  form, 
is  seen  in  Figa,  144, 147. 159. 
The    histological    condi- 
tion of   the   wing  at  this 
140 —s..,.  In  hi      b      h   ii    inwi       time  is  representtnl  by  Fig. 

.rt-iiiiiiure  ijirvn  In  1^"'-  ™ /»p :  (,  in.-h«;  *v;.,  ii>-i>o-   151,  the  fipiudle-like  hy|)0- 
deruial   cells    forming    the 
two  walls  being  separated  by  the  ground-membrane  of  Semper. 

"While  in  the  pupa  state."  says  Mayer,  "the  wing-membrane  is 
thrown  into  a  very  regular  series  of  closely  compressed  folds,  a  single 
scale  being  inserted  upon  the  crest  of  each  fold.     When  the  butter- 
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fly  issues  from  the  chrysalis,  these  folds  in  the  pupal  wings  flatten 
out,  and  it  is  this  flattening  which  causes  the  expansion  of  tlie 
wings.  ...  It  is  evident  that  the  wings  after  emergence  undergo 
a  great  stretching  and  flattening.  The  mechanics  of  the  operation 
appears  to  be  as  follows.  The  haiiuolyinph,  or  blood,  within  the 
wings  is  under  considerable  pressure,  and  this  pressure  would 
naturally  tend  to  enlarge  the  freshly  emerged  wing  into  a  balloon- 
shaped  bag;  but  the  hypodermal  fibres  (A)  hold  the  upper  and  lower 
walls  of  the  wing-membrane  closely  together,  and  so,  instead  of 
becoming  a  swollen  bag,  the  wing  becomes  a  thiit  flat  one.     And 


Fifl.  IN).  — Dl««minni«tlr  reproduction  of  FlE.m         Fin.  W1.  — Hwllon  of  (hi-nfinr-|r*nn.  thp 
nfSeipiw.-AflrrMii.vn-. 

thus  it  is  that  the  little  thick  corrugated  sac-like  wings  of  the  freshly 
emerged  insect  become  the  large,  thin,  flat  wings  of  the  imago.  .  .  . 
The  area  of  t)ie  wing  of  the  imago  of  Danain  jtlexi/tpus  is  S.C  times 
that  of  the  pui>a.  Now,  as  the  wing  of  the  young  pupa  has  altont 
60  times  the  area  of  the  wing  in  the  mature  larva,  it  is  evident 
that  in  passing  from  the  larval  state  to  maturity  the  area  of  the 
wings  increases  more  than  500  times." 

/.  Tbe  primitive  origilii  of  th«  wlnga 

Farther  observations  are  needed  to  connect  the  mode  of  formation 
of  the  wings  in  the  holometjil>olous  insects  with  the  more  jirimitive 
mode  of  origin  seen  in  the  hemimetabolous  orders,  but  the  former 
mode  is  evidently  inherited  from  the  latter.  Pancritiiis  remarks 
that  the  development  of  the  rudiments  of  the  wing  in  a  hypodermal 
cavity  is  in  the  holometabolic  insects  to  be  regarded  as  a  later 
inherited  character,  the  external  conditions  causiug  it  being  un- 
known. 
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Fritz  Muller  was  the  first  to  investigate  the  mode  of  development 
of  the  wings  of  the  hemiinetabolic  insects,  examining  the  young 
nymphs  of  Termites.  He  regards  the  wings  as  evaginations  of  the 
hypodermis,  wliich  externally  appear  as  thoracic  scale-like  projec- 
tions, into  which  enter  rather  late  in  nymphal  life  trachese  which 
correspond  to  the  veins  which  afterward  arise. 

The  primitive  mode  of  origin  of  the  wings  may,  therefore,  be  best 
understood  by  observing  the  early  stages  of  those  insects,  such  as 
the  Orthoptera  and  Hemiptera,  which  have  an  incomplete  metamor- 
phosis.    If  the  student  will  examine  the  nymphs  of  any  locust  in 
their  successive  st^es,  he  will  see  that  the  wings  arise  as  simple 
expansions  downward  and  backward  of  the  lateral  edges  of  the  meso- 
and  metanotum.     In  the  second  nymphal  stage  this  change  begins 
to  take  place,  but  it  does  not  become  marked  until  the  succeeding 
stage,  when  the  indications  of  veins  begin  to  appear,  and  the  lobe- 
like  expansion  of  the  notuni  is  plainly  enough  a  rudimentary  wing. 
Graber '  thus  describes  the  mode 
of   development  of   the   wings  in 
the  nymph  of  the  cockroach: 

"  If  one  is  looking  only  at  the  exterior 
of  the  process,  he  will  perceive  sooner  or 
later  on  the  sides  of  the  mcso-  and  meta- 
thorax  ponch-lil{u  sacs,  which  increase 
iu  extent  with  the  dorsal  intef;umetiL  and 
at  tiie  same  time  are  :nore  and  more 
separated  from  the  body.  These  wing- 
covers  either  keep  the  same  position  as 
in  tlie  flaUbodied  Btattid^,  or  in  insects 
witli  bodies  more  compressed  the  first 
rudiments  hang  down  over  the  sides  of 
the  thorax.  As  soon  as  they  have  ex- 
cee<led  acertaui  length,  these  wing-covers 
ai'e  laid  over  on  tlie  back.  However, 
If  we  study  the  process  of  development  of 
the  wings  with  a  microscope,  by  means 
of  sections  made  obli<iuely  through  the 
Fh.  lU.  —  Ruriimrnury  wtni  <if  vmini  thoTa.x,  tile  process  appears  Still  more 
ST.r'lJd  ^"""^  "'"' ""  *  I'l^"''!"'  '■""»  simple.  The  chief  force  of  all  evolution 
eii.  upea.  .^  ^^^  remains  the  powpr  of  growth  in 

a  definite  direction.  In  regard  to  the  skin  this  growth  is  possible  in  insects 
only  in  tliis  way ;  namely,  that  Che  outer  layer  of  cells  is  increased  by  the  folds 
which  arc  forced  into  the  superllcial  chitinous  skin.  Ttiuiie  folds  naturally  grow 
from  one  moult  to  nnoihcr  in  proiKinion  to  the  nmitiplkation  of  the  cells,  and 
are  not  smoothed  out  until  after  the  moulting,  when  the  outer  resistance  is  over- 

1  Zur  EnlwiokeliinEBEeschichte  uiiri  Keprod uct ions (iiliiKk sit  der  Orlhopteren.  Von 
Vitus  Graher.  SilzunKs1>ericbte  d.  mslh.-natunr.  Classe  der  Akad.  d.  WlMenich,, 
Wleo.    Bd.  Iv,  Abth.  i,  lHb7 :  bIm  Die  Insekten. 
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"  As,  however,  the  flist  wing-layera  depend  upon  the  wrinkling  of  the  general 
iniegument  of  the  body  through  the  increase  in  the  upper  layer,  the  further 
growth  of  the  wings  depends  in  the  later  stages  upon  the  wrinkling  of  the  epi- 
dermis of  the  wing-membrtme  even,  which  fact  we  also  observe  under  the 
microscope  when  the  new  wings  drawn  forth  from  the  old  covers  appear  at 


Flo.  tK.~Pi.TtM 
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firEt  to  be  quite  creased  together.  These  wing-like  wrinkles  in  the  skin  are  not 
einply  poucliea,  but  contain  tisanes  and  organs  within,  which  are  connected 
with  the  skin,  as  the  fat  of  the  body,  the  nel>work  o!  tracheie,  muscles,  etc. 
Alongside  the  irachece,  running  through  (Le  former  wing-pouches  and  accom- 
panied b;  the  nerves,  there  are  canals  through  which  the  blood  flowH  in  and 


Pio.  IM.  —  9Ug»»  In  ihe  mwflh  of  ih»  wli 

■  nine  enlarmil.    B.  iMn  nyuiph :  I:  fnre  Hit 

Kiu.  IM. -Wlnginf- ^   '" 

"  After  the  last  moult,  however,  when  the  supply  of  moisture  is  very  much  re- 
duced in  the  wing-pouches,  which  are  contracted  at  tlie  bottom,  tlieir  two  layers 
become  closely  united,  and  afterward  grow  into  one  single,  solii)  wiiig-itiembrfLne. 

"These  thick-walled  blood-tubes  ariHing  above  and  beneallt  the  upper  and 
lower  membrane  of  the  wing  are  the  veins  of  the  wings  ;  ttie  development  of 
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the  creased  wings  in  the  pupa  of  butterflies  is  exactly  like  that  of  cockroaches 
and  bugs.  The  difference  is  only  that  the  folds  of  integument  furnishing  the 
wings  with  an  ample  store  of  material  for  their  construction  reach  in  a  relatively 
shorter  time,  that  is  the  space  of  time  between  two  moults,  the  same  extent  that 
they  would  otherwise  attain  only  in  the  course  of  several  periods  of  growth  in 
the  ametabolous  insects. 

Ignorant  of  Graber's  paper,  we  had  arrived  at  the  same  result, 
after  an  examination  of  the  early  nymph-stages  of  the  cockroach,  as 
well  as  the  locusts,  Termites,  and  various  Hemiptera.  In  all  these 
forms  it  is  plainly  to  be  seen  that  the  wings  are  simply  expansions, 


Fi6. 156.  —  Nymph  of  Aphrop/iora  permutaia,  with  enlarged  view  of  the  wings  and  the  veins: 
>,  proDotum  ;  «c,  mesoscutum  ;  Ia?>,  1st  alKlouiinal  segment. 


pro 

either  horizontal  or  partly  vertical  (where,  as  in  locusts,  etc.,  the 
body  is  compressed,  and  the  meso-  and  metanota  are  rounded  down- 
wards), of  the  hinder  and  outer  edge  of  the  meso-  and  metanotum. 
As  will  be  seen  by  reference  to  the  accompanying  figures,  the  wings 
are  notal  (tergal)  outgrowths  from  the  dorsal  arch  of  the  two  hinder 
segments  of  the  thorax.  At  first,  as  seen  in  the  young  pupal  cock- 
roach (Fig.  152)  and  locust  (Fig.  153,  also  Figs.  154  and  156)  the  rudi- 
ments of  the  wings  are  continuous  with  the  notum.  Late  in  nymphal 
life  a  suture  and  a  hinge-joint  appear  at  the  base  of  the  wing,  and 
thus  there  is  some  movement  of  the  wing  upon  the  notum ;  finally, 
the  tracheae  are  well  developed  in  the  wings,  and  numerous  small 
sclerites  are  differentiated  at  the  base  of  the  wing,  to  which  the 
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special  muscles  of  flight  are  attached,  and  thus  tlie  wiugs,  after  the 
last  nymphal  moult,  have  the  power  of  flapping,  and  of  sustaining 
the  insect  in  the  air ;  they  thus  becoiue  true  organs  of  flight. 

It  is  to  be  observed,  then,  that  the  wings  in  all  heminietaholous 
insects  are  outgrowths  from  the  notuui,  and  not  from  the  flanks 
or  pleurum  of  the  thorax.  There  is,  then,  no  Btnicture  in  any  other 
part  of  the  body  with  which  they  are  honiologous. 

The  same  may  be  said  of  the  true 
Neiiroptera,  Trichoptera  (Fig.  157),  the 
Coleoptera,  and  the  DJptera,  Lepido]>- 
tera,  and  Hymenoptera.  As  we  have 
observed  in  the  house  fly,'  the  wings 
are  evidently  outgrowths  of  the  meso- 
and  metaiiotiun ;  we  have  also  observed 
this  to  be  most  probably  the  case  in 
the  Lepidoptera,  from  observations  on 
a  Tortrix  in  different  stages  of  nieta- 
morphosis.  It  is  also  the  case  with 
the  Hymenoptera,  as  we  have  observed 
in  bees  and  wasps ; '  and  in  these 
B  c  forms,  and  probably  all  Hymenoptera, 

the  wings  are  outgrowths  of  the  scutal 
Fro.  iw,— neTfioi.iii»nt  of  flriDipi  of   region  of  the  notum. 

Trtcliapln*;   ^iHWthHiorbod^.viill  of  ,,„   ,        ,  ,  ,     , 

yimwWvsnfTriciiasteKii;  i^.cuucuia.        With  these  facts  before  US  wp  inav 

thnnlnic  it  ra  imitMUoii  loto  tbr  hypo-  i     i  <  .    .         <■ 

d«iuK  «i:  r.tMA  rf.  turniiiw  thuc  tiw   speculate  as  to  tlie  probable  ongin  of 

DnitnidliiwntofllwidllK.  Ath(il>vt>1u       '  .  ,^,  ■  .     1 3 

■  bm  of  nmHy  ftiu  dip;  «,  c,  rf,  *,  (he   the  wiHgs  of  uisects.    The  views  held 

wiH|.devp|<ipeil  lirlwdErmlii  of  tllp  wind-     ,  .,  n   ,.  i  1 

Krnn  mftniri  fnia  two  vat*  hy  r.  ihu   by  some  are  ttiose  of  Ocgenbaur,  also 

prnetnUnic  rxtranlon  of  Ibe  euUeula ;  r.        1.1,       t     .,       1  ,        -    -       11     i 

meMdcrm.  ( .  <<niiic.|Md  of  ■notber  Pbrv-   adopteil  by  Lubbock,  and  originally  by 

C'tS,S?1^?J""B;^"""l.^t'h'?'pJ,"   myself.'     According  to  Gegenbaur: 

lavcr  within  nuclei.  —  AJW  DewlU,  tram 

"^     I*'  "The  wingn  miLst  be  regarded  as  homolo- 

gous with  tlie  lamellar  tracheal  f^lls,  for 
they  dn  not  only  agree  with  them  Id  orif;in,  but  also  in  their  connecliou  with 
the  body,  and  in  structure.  In  being  limited  to  the  second  and  third  thoracic 
Begmeiiu  they  point  to  a  reduction  in  the  numlxr  of  the  tracheal  gilht.  It  in 
(juite  clear  that  we  must  suppose  that  the  wingH  did  not  arise  as  such,  but  wero 
develo|>ed  from  organs  whicli  had  another  function,  such  as  the  tracheal  gills ; 
I  mean  to  say  that  such  a  sitppositioii  is  necessary,  for  we  cannot  imagine  that 
the  wiiigH  functioned  as  such  in  the  lower  stages  of  their  development,  and 
that  they  could  have  been  developed  by  having  such  a  function." 

1  On  the  lraii»formationa  of  the  common  house  fly.  by  A.  S.  Packard,  Jr.     Pro- 
ceedinK"  BobIou  Siwiely  of  Natural  Hislory,  vol.  ni.  1874.    See  PI.  3,  Figs.  12n,  126. 
■'  Sec  our  Uuide  to  the  Study  of  Inserts,  p.  tU,  Figs.  liS,  (£. 
*  Our  Common  hisects,  l$T'>,  p.  ITI, 
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If  we  examine  the  tracheal  gills  of  the  smaller  dragon-fly  (Agrion), 
or  the  May-flies,  or  Sialidee,  or  Perlidte,  or  Phryganeidse,  we  see  that 
they  are  developed  in  a  very  arbitrary  way,  either  at  the  end  of  the 
abdomen,  or  on  the  sterntuii,  or  from  the  pleuruni;  moreover,  in 
structure  they  invariably  have  but  a  single  trachea,  from  which 
minute  twigs  branch  owt;'  in  the  wings  there  are  five  or  six  main 
trachete,  which  give  rise  to  the  veins.    Thus,  in  themselves,  irre- 
spective of  their  position,  they  are  not  the  homologues  of  the  gills. 
The  latter  ai-e  only  developed 
in   the  aquatic  representatives       V      / 
of  the  Seuroptera  and  I'seiido-        .  Q(j 
neuroptera,   and  are    evidently        |^^^ 
adaptive,  secondary,  temporary        i\3^ 
organs,  and    are    in   no    sense  ^ 

ancestral,  primitive   structures       1  ( 

from    which   the    wings   were        Sfy 
(levelojwd.      There  is  no   good  (  ..  ^» 

reason    to    aujijiose    that    the       f, 
a(]uatic  Odonata  or  Ephcmerids 
or  Xenroptera  were  not  descend- 
ants of  terrestrial  forma. 

To  these  results  _  we  had 
arrived  by  a  review  of  the 
almve-mentioneil  facts,  before 
meeting  with  Fritz  Muller's 
opinions,  derived  from  a  study 
of  the  development  of  the  i,,,.^  „ni,  ,„  (j, 
wings  of  Calotermes  (Fig.  lofi).  'Tit-'^.^^^otTi 

lUnJLer       States    tUat        (l)    ine    hgBrl.xy.-AfWrFrlu^miep.lVomShari.. 

wings     of    insects     have     not 

originated  from  'tracheal  gills.'  The  wing-shaped  continuations  of 
the  yonngeat  larvK  ai-e  in  fact  the  only  parts  in  which  air  tubes  are 
completely  wanting,  while  tracheae  are  richly  developed  in  all  other 
parts  of  the  body.'     (2)  The  wings  of  insects  have  arisen  from 


■ltd  B.  the  mmlr  at  iirlnln  or  tlw  wln|r-|uil> ;  A. 
..ivhntrhHi   »ith»Mil<innal)glnU.K(^  »,Mer 
I.  X  M.     I-.  MKt  tt*re.  with  11 
.ttltbtmlvajnlntii;  thrpoiitlnk 
if  IhenHrmntMiTCi— ' ■■ - 


1  Compare  the  observations  of  Palmdn,  Geratiirfcer,  Vayssiire,  and  others. 

'  Beitriige  xur  Kenntnliis  iler  Termicen.  Jetialaohe  Zeltachrlft  fiir  MatHnrissen- 
dultl.  Bd.  ix,  Heft  3,  p.  2S3,  IHTS.  Compare,  however.  Pnliiie'n's  Ziir  Morpholcigle  <lea 
Traclieeiis^tems,  HelsinKfors,  ISTT,  wheraiii  he  opposes  Miiller's  ri«w  &ncl  adopts 
Ge^enbaur's.    See  p,  8,  foot-note. 

B  Pancritius.  who  also  adopted  Muller's  views,  lays  much  stress  on  the  [act  that  in 
larvie  uf  some  orders  the  tracbeie  do  not  enler  the  rudimentary  wings  until  the  end 
of  larval  life,  and  hence  the  wings  have  not  originated  from  tracheal  gills,  but  were 
originally  "  perhaps  only  protective  covers  tor  the  l>ody." 
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lateral  continuations  of  the  dorsal  plates  of  the  body-segments  with 
which  they  are  connected." 

Now,  speculating  on  the  primary  origin  of  wings,  we  need  not  suppose  that 
they  originated  in  any  aquatic  form,  but  in  some  ancestral  iand  insect  related 
to  existing  cockroaches  and  Temies.  We  may  imagine  that  the  tergites  (or 
notum)  of  the  two  hinder  segments  of  the  thorax  grew  out  laterally  in  some 
leaping  and  running  insect ;  that  the  expansion  became  of  use  in  aiding  to  8up> 
port  the  body  in  its  longer  leaps,  somewhat  as  the  lateral  expansions  of  the 
bcxly  aid  the  flying;  squirrel  or  certain  lizards  in  supporting  the  body  during 
their  leaps.  By  natural  selection  these  structures  would  be  transmitted  in  an 
improved  condition  until  they  became  flexible,  i.e.  attached  by  a  rude  hinge- 
joint  to  the  tergal  plates  of  the  meso-  and  metathorax.  Then  by  continued  use 
and  attempts  at  flight  they  would  grow  larger,  until  they  would  become  perma- 
nent organs,  though  still  rudimentary,  as  in  many  existing  Orthoptera,  such  as 
certain  Blattariae  and  Pezotettix.  By  this  time  a  fold  or  hinge  having  been 
established,  small  chitinous  pieces  enclosed  in  membrane  would  appear,  until 
we  should  have  a  hinge  flexible  enough  to  allow  the  wing  to  be  folded  on  the 
back,  and  also  to  have  a  flapping  motion.  A  stray  tracheal  twig  would  naturally 
press  or  grow  into  the  base  of  the  new  structure.  After  the  trachea  running 
towards  the  base  of  the  wing  had  begun  to  send  off  branches  into  the  rudimen- 
tary structure,  the  number  and  direction  of  the  future  veins  would  become 
determined  on  simple  mechanical  principles.  The  nidimentar>'  structures  beat>- 
ing  the  air  would  need  to  be  strengthened  on  the  front  or  costal  edge.  Here, 
then,  would  be  developed  the  larger  number  of  main  veins,  two  or  three  close 
together,  and  parallel.  These  would  be  the  costal,  subcostal,  and  median  veins. 
They  would  throw  out  branches  to  strengthen  the  costal  edge,  while  the  branches 
sent  out  to  the  outer  and  hinder  edges  of  the  wings  might  be  less  numerous  and 
farther  apart.  The  net^veined  wings  of  Orthoptera  and  Pseudoneuroptera,  as 
ccmipared  with  the  wings  of  Hymenoptera,  show  that  the  wings  of  net- veined 
insects  were  largely  used  for  respii-ation  as  well  as  for  flight,  while  in  beetles 
,  and  bees  the  leading  function  is  flight,  that  of  respiration  being  quite  subordi- 
nate. The  blood  would  then  supply  the  parts,  and  thus  respiration  or  aeration 
of  the  blood  would  be  demanded.  As  soon  as  such  expansions  would  be  of 
even  slight  use  to  the  insect  as  breathing  organs,  the  question  as  to  their  perma- 
nency would  be  settled.  Organs  so  useful  both  for  flight  and  aeration  of  the 
blood  would  be  still  further  develojjed,  until  they  would  become  permanent 
structures,  genuine  wings.  They  would  thus  be  readily  transmitted,  and  being 
of  more  use  in  adult  life  during  the  season  of  reproduction,  they  would  be  still 
further  developed,  and  thus  those  insects  which  could  fly  the  best,  i.e.  which 
had  the  strongest  wings,  would  be  most  successful  in  the  struggle  for  existence. 
Thus  also,  not  being  so  much  needed  in  larval  life  before  the  reproductive 
organs  are  developed,  they  would  not  be  transmitted  except  in  a  very  rudi- 
mentary way,  as  perhaps  ma.sses  of  internal  indifferent  cells  (imaginal  discs\ 
to  the  larva,  being  the  rather  destined  to  develop  late  in  larval  and  in  pupal  life. 
Th'is  the  development  of  the  wings  and  of  the  generative  organs  would  go  hand 
in  hand,  and  become  organs  of  adult  life.^ 

The  development  and  structure  of  the  tracheae  and  veins  of  the  wing. 

—  The   so-called   veins  ("  nervures ")  originate   from   fine   tracheal 

1  Reproduced  from  the  author's  remarks  in  lliird  Report  U.S.  Ent.  Commission, 
pp.  •J(;«--71,  1883. 
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twigs  which  pass  into  the  imaginal  discs.  A  single  longitudinal 
trachea  grows  down  into  the  wing-germ  (Fig.  147),  this  branch  aris- 
ing through  simple  budding  of  the  large  body-trachea  passing  under 
the  rudiment  of  the  wing. 

Gonin  states  that  before  the  tracheae  reach  the  wing  they  divide 
into  a  great  number  of  capillary  tubes  united  into  bundles  and  often 
tangled.  This  mass 
of  tracheae  does 
not  penetrate  into 
the  wing-germ  by 
one  of  its  free 
ends,  but  spread- 
ing over  about  a^- 
third  of  the  sur- 
face of  the  wing, 
separates  into  a 
dozen  bundles 
which  spread  out 
fan-like  in  the  in- 
terior of  the  wing. 
(Fig.  159).  These 
ramifications,  as 
seen  under  the  mi- 
croscope, are  very 
irregular;  they 
form  here  and 
there  knots  and 
anastomoses.  They 
end  abruptly  in 
tufts  at  a  little  dis- 
tance from  the 
edge  of  the  wing. 
A  raised  semicir- 
cular ridge  (b)  surrounds  the  base  of  the  wing,  and  within  this  the 
capillaries  are  formed,  while  on  the  other  side  they  are  covered  by 
a  cellular  layer. 

Laiidois,  he  says,  noticed  neither  the  pedicel  of  the  insertion  of  the  wing  (i) 
nor  the  ridge  (6).  Herold  only  states  that  the  tracheae  pass  like  roots  into  the 
winj?.  Landois  believed  that  they  formed  an  integral  part  of  it.  Dewitz  and 
Vancritius  used  sections  to  determine  their  situation. 

Fig.  160  will  illustrate  Landois'  views  as  to  the  origin  of  the 
tracheae  and  veins.     A  represents  the  germ  of  a  hind  wing  attached 
I 


Fio.  159. —Germ  of  a  hind  wlnp  detached  from  its  Insertion, 
and  exauiinc^d  in  Kb'*^'^'^^*^  •  ^<  pedicel  of  insertion  to  the  hypoder- 
tnis;  ir,  trachea;  6/ semicircular  pad;  «,  envelopin^if  membrane;  c, 
bundle  of  capillary  tracheoles ;  the  lar^e  trachea"  of  the  wing  not 
viMble ;  they  follow  the  course  of  the  bundles  of  tracheoles.  — 
After  Gonlu. 
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to  a  trachea;  c  the  elongated  cells,  in  which,  as  seen  at  B,  c,  a  tine 
tangled  tracheal  thread  (t)  appears,  seen  to  be  magnified  at  C-  The 
cell  walls  hieak  down,  and  the 
threads  become  those  n'hich  pass 
S^fltGiW  I  through  the  centre  of  the  veins. 

^^^g  The  wing-rods.  — Semper  discov- 

*  ered  in  transverse  sections  of  the 

wings,  what  he  called  Fliigelrip})e»  ; 
one    such     rib    accompanying    the 
trachea  in  each  vein.     He  did  not 
discover  its  origin,  and  his  descrip- 
tion of  it  is  said  to  be  somewhat 
Fio.  i«n.— Origin  ofthawtninsnii  iiiHir  erroneous.     Schacffer  has  i-ecently 
examined  the  structure,  remarking: 
■■  I  have  surely  observed  the  connection  of  this  cellular  tube  with 
the  trachete.     It  is  found  in  the  base  of  the  wing  where  the  lumen 
of  the  tracheae  is  much  widened.     I  only  describe 
the  fully  formed  rib  (rip/ye).      In  a  ci'oss-section  it 
forms  a  usually  cylindrical  tube  which  is  covered 
by  a  very  thin  chitinous  intima  which  bears  deli- 
cate twigs  (Fig.  161).     These  twigs  are  analogous 
to  the  thickened 
ridge     of      the 
tracheal  intima.        J'";;  i«i;  — Swiim 


^^^^^^^•^"©^feM         tween  the  braiw-hes  of  the  differ- 
'i    l^n/^1  f^^  ent    twigs.      Through    the    rilw 

"  (ripppii)   extend   a  central    cord 

(c)    which    shows    in    longitudi- 
nal section  a  clear  longitudinal 
streaking.      Semper  regarded  it 
as  a  nerve.     But  the  I'ounection 
of  the  tube  with  the  trachea  con- 
tradicts  this   view.     I  can  only 
regard  the  cord  as  a  separation- 
product  of  the  cells  of  the  walls." 
Fio."M.-p.rt.of  .Ttinof  ih»™fcrg«h.      Other   hi«tologic«l   element*.— 
jJl^T^c^blS^i'irJrVuKil^-Ant^M^U";. '"''■'■'  These  are  the  blood-lymph,  cor- 
puscles,    blood-building    masses, 
and  nerves.     Schaeffer  states  that  in   the  immature  pupal  wings 
we  find  besides  the  large  tracheje,  which  are  more  or  less  branched, 
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and  in  the  wing-veins  at  a  later  period,  blood-corpuscles  which  are 
more  or  less  gorged  with  nutritive  material,  and  also  the  "balls 
of  granules  "  of  Weismann,  which  are  perhaps  the  "  single  fat-body 
cells"  detected  by  Semper.  Schaeffer  also  states  that  into  the 
hypodermal  fold  of  the  rudiments  of  the  wings  pass  peculiar  forma- 
tions of  the  fat-body  and  tracheal  system,  and  connected  with  the 
fat-body  are  masses  of  small  cells  which  by  Schaeffer  are  regarded  as 
blood-building  masses. 

Fine  nerves  have  also  been  detected  within  the  veins,  Moseley 
stating  that  a  nerve-libre  accompanies  the  trachea  in  all  the  larger 
veins  in  the  insects  he  has  examined  (Fig.  162),  while  it  is  present 
in  Afelolontha,  where  the  trachea  is  absent. 
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g.  Mechanism  of  flight 

Marey'8  views  on  the  flight  of  insects.  —  As  we  owe  more  to 
Marey  than  to  any  one  else  for  what  exact  knowledge  we  have  of 
the  theory  of  flight  of  insects,  the  following  account  is  condensed 
from  his  work  entitled  "  Movement. '*     The  exceedingly  complicated 


MECHANISM  OF  FLIGHT  U9 

movements  of  the  winga  would  lead  ua,  he  says,  to  suppose  that 
there  exists  in  insects  a  very  complex  set  of  muscles  of  flight, 
but  in  reality,  he  claims,  there  are  only  the  two  elevator  and 
depressor  muscles  of  each  wing,'  And  Marey  says  that  when  we 
examine  more  closely  the  mechanical  conditions  of  the  flight  of 
insects,  we  see  that  an  upward  and  downward  motion  given  by  the 
muscles  is  sufficieut  to  produce  all  these  successive  acts,  so  well  co- 
ordinated with  each  other ;  the  resistance  of  the  air  effecting  all  the 
other  movements.  He  also  refers  ti>  the  experiments  of  Giraud 
which  prove  that  the  insect  needs  for  flight  a  rigid  main-rib  and  a 
flexible  membrane. 

If  we  take  off  the  wing  of  an  insect,  and  holding  it  by  the  small 
joint  which  Gounecls  it  with  the  thorax,  expose  it  to  a  current  of  air, 


Fia.  168.— TIm  two  upper  lines  ueprodneed  by  t]ie  oanUoU  oT  m  dmne'a  vlnir  on  ■  emnked 
cylinder.  In  Ihe  middle  are  recorded  the  vlbntlom  of  ■  tunlnr-Rirk  liSO  vlbnitlonii  iwr  '•cs^ond)  fur 
complrlBoB  nilh  the  frequency  of  Ibe  vrlng  movements.  Below  are  M-en  the  niovvments  uf  Ibe 
wingofsbee,  — AtlerMsrey. 

we  see  that  the  plane  of  the  wing  Is  inclined  more  and  more  as  it  is 
subjected  to  a  more  powerful  impulse  of  the  wind.  The  anterior 
nervure  resists,  but  the  membranous  portion  which  is  prolonged 
behind  bends  on  account  of  its  greater  pliancy. 

The  wings  of  insects  may  be  regarded  simply  as  vibrating  wires, 
and  hence  the  frequency  of  their  movements  can  be  calculated  by 
the  note  produced.  Their  movements  can  be  recorded  directly  on  a 
revolving  cylinder,  previously  blackened  with  smoke,  the  slightest 
touch  of  the  tip  of  the  wing  removing  the  black  and  exposing  the 
whito  paper  beneath;  Fig.  163  was  obtained  in  this  way.  By  this 
method  it  was  calculated  that  in  the  common  fly  the  wings  made  330 
strokes  per  second,  the  bee  190,  the  Macroglossua  72,  the  dragon-fly 

>  Von  Lendenleld,  bowever,  points  out  the  tact  that  StrauB-Durckhelm  proved 
that  the  fflnfCB  of  beetles  are  moved  by  a  complicated  system  of  oumerous  muscles. 
"  In  the  Lepldopteni  I  have  never  found  less  than  six  muscles  to  each  wing,  as  also 
In  the  Hynienuplera  and  Diptem."  "  The  motions  of  the  irlngs  of  Libeltulidie  nre  the 
0Dml>ined  workinfc  ot  numerous  muscles  and  cords,  aud  ot  a  great  iiambecof  chitinous 
piece*  connected  by  Joints." 
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28,  and  the  butterfly  {Pieria  mpm)  9.     Tims  the  smaller  the  species, 
the  more  rapid  are  the  movements  of  the  wiugs. 

The  path   or  trajectorj- 

luade  by  the  tip  of  the  wing 
is  like  a  figure  8.  JIarey 
obtained  this  by  fastening 
a  spaiigle  of  gold-leaf  to 
the  exti'eniity  of  a  wasp's 
wing.  The  inseet  was  then 
seized  with  a  pair  of  for- 
oeps  and  held  in  the  sun 
in  front  of  a  dark  bai-k- 
ground,  the  luminous  tra- 
jectory shaping  itself  in 
the  sun :  the  form  of  a  lemiiiseate 
^-  (Fig.  1G4). 


■ofU.on'liigl.gtliled.- 


To  detenniue  with  accuracy  the  direction  taken  by  the  wing  at  different 
Htages  of  the  (rajwlory,  a  small  piece  of  capillary  glass  liibiiip  was  blackeiiwi  in 
the  Biiioke  i>f  a  caudle,  ai  that  the  sliKlitent  touch  on  the  Rlass  was  Mufficient  to 
remove  the  black  coating  and  show  tliR  direction  of  movement  in  each  limb  of 
the  lemniscale.  Tliis  experiment  was  arranged  an  sliowii  in  Fig.  Klu.  Different 
pointx  on  the  path  of  movement  were  tesleil  by  ttie  snioked  rod,  and  from  the 
track  along  which  the  black  had  been  removed  the  direction  of  movemeiit  was 
deduced.    Tliis direction  is  represented  In  tlie  llgure  by  means  of  arrows. 

Theory  of  insect  flight.  —  "  The  theory  of  insect  flight,"  says  Marey. 
"  may  lie  eoinpletely  explained  from  the  preceding  experiments.  TJie 
wing,  in  its  to-and-f ix)  move- 
ment,   is    lient    in   various  _^\ 

directions  by  tlie  resistance 
of  the  air.  Its  action  is 
alw.ays  that  of  an  inclined 
plane  striking  against  a 
flnid  and  ntilizing  that  part 
of  the  resistance  which  \n 
favorable  to  its  onward 
progression. 

"This  mechanism  is  the  i 
same  as  that  of  a  water- 
man's scull,  which  as  it  moves  backwards  and  forwanis  is  obliquely 
inclined  in  opposite  directions,  each  time  communicating  an  impulse 
to  the  boat." 

The  mechamsm  in  the  case  of  tlie  insect's  wing  is  far  simpler, 
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however,  than  in  the  process  of  sculling,  since  "the  flexible  mem- 
brane which  constitutes  the  anterior  part  of  the  wing  preseuts  a 
rigid  border,  which  enables  the  wing  to  incline  itself  at  the  most 
favorable  angle." 

"  The  muscles  only  maintain  the 
to-and-fro  movement,  the  resist- 
ance of  the  air  does  the  rest, 
namely,  effects  those  changes  in 
surface  obliquity  which  determine 
the  formation  of  an  8-shapecl  tra^ 
jectory    by  the  extremity  of   the 


Lendenleld  lias  applied  photography 
lo  determine  the  position  of  tlie  wings 
of  a  dragoii-fly,  and  Marey  has  carried 
cbronophoiograpiiy  farther  to  indicate 
the  normal  trajectory  of  the  wing,  and 
b)  show  the  position  in  flight.  Fig. 
lOfl  stiows  a  bee  in  varions  phases  of 
flight.  ■■  The  insect  aometiines  aastimes 
almost  a  lioriznntal  position,  in  which 
case  the  lower  part  of  its  body  is  niuch 
nearer  the  object-glass  than  is  its  head, 
and  yet  both  extrejnities  are  equally 
null  defined  in  tlio  photograph.  The 
successive  images  are  Ee]>amted  by  an 
interval  of  ^  of  a  second  (a  long  time 
when  compared  to  the  total  time  occu- 
pied by  a-  complcle  wing  movement, 
i.e.  -i\ti  of  a  second).  .Vnd  bcnce  it  is 
iisetesj  to  artenipt  to  gain  a  knowl- 
edge of  the  successive  phases  of  move- 
ment by  examining  the  successive 
photographs  of  a  consecutive  series  rep- 
resenting an  insect  in  flight.  Kevv- 
theless  an  examination  of  isolated 
images  affords  informatioi 


interest  with  regard  to  the  mectianistn 

of  flight. 

"We 

have   aei 

.n  that  owing  t 

0  the 

resistanc* 

:  of  the  a 

ir  the  expaiisf  of 

wing 

is  distorted   in    v 

arious    tlii'ection 

s    by 

atmoaphE 

iric   rcj-isi 

lance.      Now,   a. 

I  the 

oscillations  dnring  flight  are  executed  in 

a  horizontal  plane,  the  obliquity  of  the 

wing-surface    ought    to    diminish    the 

apparent  breadth  of  the  wing.     'J'hiH  appearance  can  be  seen  in  Fig.  107.     There 

is  here  a  comparison  between  two  Tipula- :  the  one  in  llie  act  of  flight,  ihe 

other  perfectly  motionless  and  restinfi  against  the  glass  window. 

"The  motionless  insect  maintains  its  wings  in  a  position  of  vertical  exten- 
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aicin ;  the  plane  le  therefore  at  light  angles  to  the  axis  o{  the  object-glasa.  The 
breadth  of  the  wing  can  be  seen  in  its  entirety  ;  the  iiervures  can  be  counted, 
and  the  rounding  o3  of  the  extremities  of  tlie  wings  is  perfectly  obviouB.  On 
the  other  hsnd,  the  flying  insect  moves  its  wings  in  n  horizontal  direction,  and 
owing  to  the  resiBtaoce  of  the  air  the  expanse  of  the  wings  Is  obliquely  dlqraaed. 


n 


11 

I' 
I 
I 


it 

S' 

4 
ill 

1} 

and  0DI7  the  projection  of  Its  surface  can  be  seen  in  the  photograph.  This  U 
why  the  extremity  of  the  wings  appears  as  if  it  were  pointed,  while  the  other 
pans  look  much  narrower  than  normal.  The  extent  of  the  obliquity  can  be 
measured  from  the  apparent  alteration  in  width,  for  the  projection  of  this  plane 
with  the  vertical  is  the  sine  of  the  angle.  From  thia  it  may  be  gathered  that 
the  right  wing  (Fig.  108.  third  image)  was  inclined  at  au  angle  of  about  60" 
with  the  vertical,  say  40°  with  the  horizontal.  This  inclination  necessarily 
varies  at  different  points  of  the  trajectory  and  must  augment  with  the  rapidity 
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it ;  the  obliquity  reaching  ItB  maximum  in  those  portions  of  the 
ntngs  wliicb  move  with  the  greateBt  velocity,  namely,  towards  the  extremities. 
The  result  is  that  the  wing  becomes  twiated  at  certain  periods  of  tbe  move- 
ment." (See  the  fourth  image  in  Fig.  168.)  The  poBition  of  the  balancers 
eee:u8  to  vary  according  to  that  of  tbe  wings.    (Marey's  Movement,  pp.  263-257.) 

Graber's  vlewa  as  to  the  mecb- 
anism  of  the  wings,  flight,  etc.  — 

Although  in  reality  insects  pos-  « 

sess  hut  four  wings,  nature,  says  I 

Graber,   evidently    endeavors  to  J 

make  them  dipteral.     This  end  3 

is  attained  in  a  twofold  manner,  ■ 

In     the    bnttei-flies,    bees,    and  I 

cicadas,  the  four  wings  never  act  ' 

independently  of  each  other,  as  =■ 

two  individual    pairs,    but   they  S 

are   always    joined    to   a  single  i 

flying  i)!ate  by  means  of  peculiar  a 

hooks,   rows  of   claws,  grooved  ^ 

clamps,  and  similar  contrivances  .§ 

proceeding   from    the    modified  § 

edges  of  the  wings ;  indeed,  this  - 

connection  is  usually  carried  so  -I 

far    tliat    the    hind   wings   are  s 

entirely   taken    in    tow   by  the  h 

front,  and  oonseqnently   possess  1 

a  relatively  weak  mechanism  of  . 

motion.    The  other  mode  of  wing  ? 

reduction  consists  in  the  fact  that  ^ 

one  pair  is  thrown  entirely  out  1 

of  employment.   We  observe  this  3 

for    instance    in    bugs,   beetles,  ^ 

grasshoppers,  etc.  J. 

In  the  meantime,  then,  we  may  not  S6 

trixgt  to  appearances.    Ah  their  devel-  j 

opnipnt  Jndeeil  tencheH  us,  the  wingH  £ 

as  well  aa  the  additional  members 
miLst  be  regarded  aa  actual  evagina- 
tions  of  the  common  sockets  of  the 
body,  and  in  order  especially  to  refute 

tiie  prevalent  opinion  that  these  wing-membranes  are  void  of  sensation,  it  should 
be  remembered  that  Leydig  has  proved  the  existence,  aa  well  aa  one  can  be  con- 
vinced by  experiment,  of  a  nerve-end  apparatus  in  certain  basal  or  radical  veins 
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of  the  wing-membrane,  which  is  vety  extenaive  and  complicaud,  and  therefore 
indicates  the  performance  of  an  important  function,  perhaps  of  a  kind  of 
balancing  sense,  and  also  that  these  same  insect  wings,  with  their  delicate 
membrane,  are  very  easily  aflected  by  diflerent  outside  agents,  as.  for  instance, 
warmtli,  currents  of  air,  etc. 

Usually  in  their  inactive  or  passive  state  the  wings  are  held  off 
horizontally  froiu  the  body  during  flight,  and  are  laid  upon  the  back 
again  when  the  inse(^t  alights ;  but  an  exception  oc'Ciirs  in  most 
butterflies  and  Xeuroptera,  among  which  the  wing-joint  allows  only 
one  movement  round  the  oblique  aud  long  axis  ot  the  wings.     Fram 


this  cause,  too,  the  insects  just  mentioned  can  unfold  their  wings 
suddenly. 

The  transition  of  the  wings  from  the  active  to  the  resting  condi- 
tion seems  to  be  by  way  of  a  purely  passive  process,  which,  there- 
fore, usually  gives  no  trouble  to  the  insect.  Tlie  wing  being 
extended  liy  the  tractive  power  of  tlie  muscles,  flies  lack,  when  this 
ceases,  to  its  former  or  resting  posture  by  means  of  its  natural  elas- 
ticity, like  a  s]>iral  spring  disturbed  from  its  balance.  The  structure 
of  this  spring  joint  is  very  different,  however. 

It  usually  consists  (Fig.  16«)  of  two  parts.  Tlie  winp  can  move  itself  up  and 
down  in  a  vertical  plane  by  means  nf  Ilie  forward  joint,  aud  at  the  same  time  can 
rotate  somewhat  roiuid  its  long  axis,  because  ttie  cliitinous  part  mentioned  above 
Is  ^i-ound  off  after  the  fashion  of  a  mandrel. 

The  hinder  Joint,  at  a  greater  distance  from  tlie  body,  virtually  consists  of  a 
rounded  piece  («)  capitate  towanls  the  outside,  and  of  a  prettily  hollowed  socket 
('•)  formed  by  the  union  of  the  thick  ribs  of  tlie  lund  wings,  whicli  slides  round 
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the  bead  joint  when  the  wings  snap  back  upon  the  back.  The  mecbantsm  which 
causes  this  turning  Is,  however,  of  a  somewhat  complicated  nature.  The  most 
instnimentAl  part  of  it  is  the  powerful  elastic  band  \g)  which  is  stretched  over 
from  the  hinder  edge  of  the  mesothorsx  (A])  towards  that  of  the  wings.  This 
membrane  is  extended  by  the  expansion  of  the  wings,  and  draws  them  towards 
the  body  as  soon  as  the  contraction  of  the  muacles  relaxes.  This  closing  band 
of  the  wings  is  assisted  by  a  leverage  system  consisting  of  three  little  chitinoua 
rods  (c.  d,  '.).  which  at  its  joining  presses  inwards  on  the  body  on  one  aide,  and 
on  the  binder  edge  and  head-joint  of  the  wing  on  the  other. 

We  must,  however,  lay  great  stress  on  a  few  more  kinds  of  wing  support. 

The  wing-cases  of  beetles  at  their  return  from  flight  are  joined  together  like 
the  shells  of  a  mussel  on  the  Inside  as  welt  as  to  the  wedge-shaped  plate 
(Fig.  170,  Khi)  between 
their  bases.  There  is  even 
a  kind  of  clasp  at  hand  for 
this  purpose.  The  base  of 
the  wiiiR,  that  is,  beam  a 
pair  of  tooth-like  projections 
(za),  which  fit  into  the  cor- 
responding hollows  of  the 
little  plate. 

The   commissure  arising 
from  the  joining  of  the  inner 

edges  is  characteristic.  Usu-  -"Si 

ally  the  wings  on  both  sides 
interlock  by  means  of  a 
groove,  as   in    stag-beetles, 

Clilamys,  after  the  manner  iwuipl"mii,  niTMch'TiVi^ivhiehi*  thf "iinifulMion  nVWTm 

of  two  COE-wlieels,   so    that    wln|[(  r),rtmsl»tinKortwoein«Uiit)'lininiipni««iiii<*lr,*)o( 

,  .  ^        .  '     ,.        the  tow  of  111'  "'>i>s:  M.  t4Hith  vUch  lit*  Intn  Ibr  oitIIt  nf 

we  hai-e  here  also  an  imlta-    the  ninK-1<K-k  ygr\ ;  I,  edm  ot  th«  rtoht  winr,  iw^tiw  tnlu  th« 

tlon  o£  the  two  most  prev-  ^^j;;™i';;?,^'^llu'muMi?rfuS'm«Iia^'I™^ 

alent    methods    which    the  eipiKilI^Vi«iihorK  A'lTli^wbuiuni™  ih<>  m«"itfs'i':  ">, 

cabinet-maker  uses  in  join-    »|i'«n«u»[™fM(ftrlhe«ttiicliinenl  of  lh»  onxaEmuwIe;  *>. 

*  ftinur;  fit*,  llbl»;  Jt,  slernmii.  — AfterWrahcr. 

mg  boards  together. 

The  act  of  folding  the  broad  hind  wings  among  beetles  Is  not  less  signilicant 
than  the  arrangement  of  the  fore  wing.  If  we  forcibly  spread  out  the  former  In 
a  beetle  which  has  just  been  killed  and  then  leave  it  to  \ta  own  resources  again, 
we  observe  the  following  result ;  According  to  Its  peculiar  mode  of  joining,  Ihe 
costal  vein  on  the  fore  edge  approaches  the  mid  or  discoidal  vein  ot  the  basal 
half  as  well  as  the  distal  half  of  the  wing,  whence  arises  a  longitudinal  fold 
which  curves  in  underneath.  Then  the  distal  half  snaps  under  like  the  blade  of 
a  pocket  knife  and  lies  on  the  plane  of  the  costal  edge  of  the  wing,  while  It  also 
draws  after  It  the  neighboring  wing-area.  The  soft  hinder-edge  portion  turns  in 
simultaneously  when  this  wing-area  remains  fixed  to  the  body  while  the  costal 
portion  is  moving  towards  the  middle  line  of  the  body. 

The  wing-membrane  of  almost  all  insects  have,  moreover,  the  capability  of 
folding  themselves  somewhat,  and  this  power  of  extending  or  contracting  the 
wing-membrane  at  will  is  of  great  importance  in  flight. 

Yes,  but  how  is  the  folded  wing  spread  out  again  ?  The  fact  may  be  shown 
more  simply  and  easily  than  one  might  suppose,  and  may  be  most  plainly 
demonstrated  even  to  a  larger  public  by  making  an  artificial  wing  exactly  after 
tie  pattern  of  the  natural  one,  in  which  bits  of  whalebone  may  take  the  place 
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ot  veins  and  a  piece  of  India  rubber  the  membrane  spread  out  between  them. 
The  reader  will  be  patient  while  we  just  explain  to  him  the  act  of  unfolding  of 

the  membranous  wing  of  the  beetle.    The  actual  impulse  for  this  unfolding  is 
due  to  the  flexor  muscles  which  pull  on,  and  at  the  same  time  somewhat  raise 

,  _  the  veiD  on  the  costal  edge. 

SS  Hy  this  means   the  mem- 

[fS  braiioua  fold  lying  directly 

J^g  behind  the   costal   vein  is 

="  flret  spread  out.    But  since 

£^  this  fold  is  connected  with 

u't  the  longitudinal  fold  of  the 

T.%  distal  end  of  thening  which 

1^'  cliises    like    a    blade,   the 

■a  ^  wing-area  last  mentioned 

.»  which   is  atLtched   to   the 

S  middle  fold  of  the  wing  by 

1 1  the  elastic  spring-like  dlag- 

■S'^-  onal  vein  becomes  stretched 

j^^_  out.  The  hinder  rayed  por- 

S't  tiun  adjacent  to  the  body 

"S  i  is,    on    the   other    hand, 

^  c  simply  drawn  along  when 

.;r-  the  wing  stands  oS  from 

'^1  the  body. 

I  ^  In    order    to    properly 

|:=  prasp   the    mechanism    of 

c^  the   insect  wing  we   must 

'"^  again  examine  its  mode  of 

■Ss  articulation    to  the    body 

__.  S,  If  we  select  the  halleres 
"■=  of  a  garden  gnal  (Tipnla) 
■i  I  at  the  moment  of   exten- 
p.^-  sion,  we  shall  find  them  to 
■  t  be  formed  almost  exactly 
■|b  after   the   pattern    of   our 
£=  uars,  since  the  oblong  osr- 
"  S  S  blade  passes  into  a  longitu- 
Sj.  E  dinal  handle.    The  pedicel 
||b  of  the  balancer  Is  formed 
-all  by  the   thick   longitudinal 
l-j"  I  primary  veins  of  the  wing- 
s'?. ;  membrane.      This  pedicel 
eJ  a  (Fig.  171)  is  implanted  in 
"Tgi  the  hide  of   the  thorax  in 
^  S-^'  Kticli   a  manner    that   the 
""Is  "ing  may  be  compared  to 
^S  ^  the  top  of  a  ninepin.    One 
.  ,          _                                              i-»  may    think,    and    on    the 
^  '  whole   it    is    actually   the 
fact,  that  the  stiff  pedicel  ot  the  wing  is  inserted  in  the  thoracic  wal!,  and  tliat 
a  short  portion  of  it  (Fig.  172),  projects  into  the  cavity  of  the  thorax,     it  is  true 
there  is  no  actual  hole  to  be  found  in  the  thoracic  wall,  as  the  intermediate 
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space  between  the  bajse  or  pedicel  of  the  wing  and  the  aperture  in  the  thorax  is 
lined  with  a  thin  yielding  membrane,  on  which  the  wing  is  suspended  as  on  an 
axle-tree.  According  to  this,  therefore,  the  insect  wing,  as  well  as  any  other 
appendage  of  aithropods, 
acts  as  a  lever  with  two 
arms.  The  reader  can  then 
conjecture  what  may  be  the 
fnr^er  mechanism  of  the 
wing  machine.  We  only 
need  now  two  muscles  dia- 
metrically opposed  to  each 
other  and  seizing  on  the 
power  arm  of  the  wing,  one 
of  which  pulls  down  the 
short  wing  arm,  thereby  rais- 
ing the  oar,  while  the  other 

pulls  up  the  power  arm.  F'o.  172.— Scheme  of  the  flying  api>aratus  of  an  Insect: 
*.      ,     .    J     J    .,  .  .  -    mn/,  thoracic  walls;  a^,  wings;  c,  pivot :  e?,  point  of  Insertion 

And    indeed    the   raising  of   of  the  depressor  muscle  of  the  winff  (Ad) ;  —  a,  that  of  the  ele- 

the  wing  follows  in  the  man-    ^*'"^  ^^  ^*»«  ^'^"^  («*) '  ^«'  muscle  for  expanding?,  —  ml,  for 

,    J .     ^   J     .  -      contracting-,  the  walls  of  the  thorax.  —  After  Graber. 

ner  indicated,  since  a  muscle 

(hi)  is  attached  to  the  end  of  the  wing-handle  (a)  which  projects  freely  into 

the  breast  cavity  by  the  contraction  of  which  the  power  arm  is  drawn  down. 
On  the  other  hand,  we  have  been  entirely  mistaken  in  reference  to  the 

mechanism  which  lowers  the  wings.  The  muscle 
concerned,  that  is  kd^  is  not  at  all  the  antagonist 
of  the  elevator  muscle  of  the  wing,  since  it  is  placed 
close  by  this  latter,  but  nearer  to  the  thoracic  wall. 
But  then,  how  does  it  come  to  be  the  counterpart  of 
its  neighbor  ?  In  fact,  the  lever  of  the  wing  is  situated 
in  the  projecting  piece  alone.  The  extensor  muscle 
of  the  wing  does  not  pull  on  the  power  arm,  but  on 
the  resistant  arm  on  the  other  side  of  the  fulcrum  (c). 
The  illustration  shows,  however,  how  such  a  case  is 
possible.  The  membrane  of  the  joint  fastening  the 
wing-stalk  to  the  thorax  is  turned  up  outwards  below 
the  stalk  like  a  pouch.  The  tendon  of  the  flexor  of 
the  wing  passes  through  this  pouch  to  its  point  of 
attachment  (c)  lying  on  the  other  side  of  the  fulcrum 
(d).  Thus  it  is  very  simply  explained  how  two 
muscles  which  act  in  the  same  direction  can  never- 
theless have  an  entirely  contrary  working  power. 

This  is  in  a  way  the  bare  physical  scheme  of  the 
flying  machine  by  the  help  of  which  we  shall  more 
easily  become  acquainted  with  its  further  details. 
Dragon-flies  are  unquestionably  the  most  suitable 
Fio.  178.— Muscles  of  the   objects  for  the  study  of  the  muscles  pulling  directly 

<m),  exposed  by ^^"vinglhe   on  the  wing  itself.     If  the  lateral  thoracic  wall  (Fig. 

thoracic  walls:  A,,  A„  eleva-    173)  j^g  removed  or  the   thorax  opened   lengthwise 

tors, — «]-v)5,  depressors,  of  the    ,,     '  11^1  e  i  j 

wing«»  (*,.  4,  rotators).— After  there  appears  a  whole  storehouse  of  muscular  cords 
Gr»ber.  which  are  spread  out  in  an  oblique  direction  between 

the  base  of  the  wing  and  the  side  of  the  thoracic  plate.  There  is  first  to  be 
ascertained,  by  the  experiment  of  pulling  the  individual  muscles  in  the  line 
with  a  pincers,  which  ones  serve  for  the  lifting  and  which  for  the  lowering 
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of  the  wings.      In  dragon-flies  the  muscles  are  arranged  in  tno  rows  and 

in  such  a  way  that  Uie  flexors  or  depressors  (s,  1  bis)  cling  directly  to 
the  thoracic  wall  (compare  also  the  muscle  dk  in  Fig.  172  and  »e  in  Fig.  174), 
while  the  raiser  or  extensor  (A  1,  to  A  2,  Fig.  172,  Af  and  Fig.  171  he)  lie  fartber 
In.  The  form  of  tlie  wlng-inoacIeB  is  sonietimes  cylindrical,  sometimes  like  a 
prism,  or  eveo  ribbon-like.  However,  the  contracted  bundles  of  fibres  do  not 
couie  directly  upon  the  joint-process  vie  have  described,  but  pass  over  often 
indeed  at  a  very  considerable  distance  from  them,  into  peculiar  chitinous  ten- 
dons. Tbese  have  the  form  of  a  cap-like  plate,  often  gerrale  on  the  edge,  which 
is  prolonged  into  a  tliread,  which  should  be  considered  as  the  direct  continua- 
tion of  tiie  base  of  the  wings.    The  wings,  tlierefore.  sink  down  into  the  tho- 


Fici.  114.  — TrsnjvMM  (wllnn  thnHwh  the  Pio,  115.  —  Iiiikt  vIph- or  i  norllan  of  IW 

mom  nf  m  liKTU.t  (Slenobolhrusl ;  f.,.  Ipk;  *,      leRriixntboAy at LIMIaladtprf-a.ii*rKlBt 

brun:   i/a.  veolrml  inni ;   «.  di-premor,  —  Af,      *  |ian  iir  tbe  inrchanlsm  of  lilghl.  tta.,  hhiw  iif 

eh»«tnr.  uf  Iba  wLng  {Jit  \  ti-r,  ]MBni  inUM-les      Uw  rhilliioii!>  riiUrrs  m  hsu  or  Ihr  nniwr  vliw. 

wlilrb  oipand  llielhor>clc»>lli>;-''iH.  louellii-      ami  ftnr  of  lh«  InHrHnns  or  thr  tcnilona  of 

dluol  inu»clf«  which  contrKt  Ihrni ;  «Ai«.  »*m.      muKlrs;  A.ttiK  nf  MvUiin  thrauKh  tlw  bate  ■>( 

musclps    ti>    tlie   legs;  6k,   •podemei.  —  Aft«      Ihe  ii|i|Hir  wlnic,  Ihe  Hlnp  hclne  anupcwMl  la  bo 

<.;r»bep.  dlr*ci«l  buck  wards.    I',  upprr  nortlaaatiDrtk- 

■nlani  i>f  Hit  luwvr  niiig;  b,  levvr  Fxtondlni: 

twlKHn   (he  [iktra  eonnHIrd  with  Ihe  two 

wingi.  .-Artvr  van  Lrndmfi'M.  IkvmShiirp. 

racic  cavity  as  it  they  were  a,  row  of  cords  ending  in  handles  where  the  strain 
of  the  muscles  is  applied. 

As  may  be  seen  in  Fig.  I'-l,  the  contractile  section  of  several  of  th^  muscles 
of  the  wme  (■<()  is  extraord manly  reduced  while  its  thread  like  tendon  is  pro- 
portionately longer  This  gmdatiim  being  almost  like  that  of  the  pipes  of  an 
organ  in  the  len^clh  of  the  wing  muscles  as  may  so  easilv  be  obsened  in  the 
lar^  dragon-flieg  plainly  indicates  that  the  stiain  of  the  individual  inoHcles  is 
quite  difiereiit  m  utrengtli  since  as  the  pbenomenon  of  tli|!ht  demands  it. 
the  dlSereiit  parts  of  Ihe  base  of  the  wing  liecnine  reapecliveh  relaxed  in  verj 
dissirailar  measure 

We  have  thus  far  discussed  only  the  elevator  and  depressor  niuscles  Other 
proiips  (jig')  are  yet  to  be  added,  however   crossing  nnder  the  first  at  acute 
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angles,  which  when  pulling  the  wing  sidewise,  bring  about  in  union  with  the 
other  muscles  a  screw-like  turning  of  the  wings. 

While  in  dragon-flies  all  the  muscles  which  are  principally  influential  in  mov- 
ing the  wing  are  directly  attached  to  it,  and  thus  evidently  assert  their  strength 
most  advantageously,  the  case  is  essentially  difl'erent  with  all  other  insects. 
Here,  as  has  already  been  superflcially  mentioned  above,  the  entire  set  of 
muscles  affecting  the  wing  is  analyzed  into  two  parts  of  which  the  smaller 
only  is  usually  directly  joined  to  the  wings,  while  the  movement  is  indirectly 
influenced  by  the  remainder  (Graber). 

In  the  dragon-fly  the  two  wings  are  **  brought  into  correlative  action  by  means 
of  a  lever  of  unusual  length  existing  amongst  the  chitinous  pieces  in  the  body 
wall  at  the  base  of  the  wings  (Fig.  175,  h).  The  wing-muscles  are  large ; 
according  to  von  Lendenfeld  there  are  three  elevator,  five  depressor,  and  one 
abductor  muscles  to  each  wing.  He  describes  the  wing-movements  as  the 
results  of  the  correlative  action  of  numerous  muscles  and  ligaments,  and  of  a 
great  number  of  chitinous  pieces  connected  in  a  jointed  manner  "  (Sharp). 

If  again  we  take  the  longitudinal  section  of  the  thoracic  cavity  of  gnats  in 
Fig.  171,  we  shall  perceive  a  compactly  closed  system  of  muscular  bars 
intersecting  each  other  almost  at  right  angles  and  interlaced  with  a  tangled  mass 
of  tracheae,  some  of  which  muscles  extend  (/m)  longitudinally,  that  is  from  the 
front  to  the  back,  while  others  (6-r)  stretch  out  in  a  vertical  direction,  that 
is  between  the  plates  of  the  abdomen  and  back. 

In  order  that  we  may  more  easily  comprehend  this  important  muscular 
apparatus  we  will  illustrate  the  thoracic  cavity  of  insects  by  an  elastic  steel 
ring  (Fig.  172),  to  which  we  may  aftix  artificial  wings.  If  this  ring  be  pressed 
together  from  above  downward,  along  the  line  r8,  thus  imitating  the  pulling 
of  the  vertical  or  lateral  thoracic  muscles,  then  the  wings  on  both  sides  spring 
up.  This  is  to  be  explained  by  the  fact  that  through  this  manipulation  a  press- 
ure is  exerted  on  the  lifting  power  arm  of  the  wings.  If,  on  the  other  hand,  the 
ring  be  compres.sed  on  the  sides  {ml)^  which  is  the  same  thing  as  if  the  longi- 
tudinal muscles  contracted  the  thorax  from  before  backward,  and  thus  arched  it 
more,  then  the  wings  are  lowered. 

Agrioninse,  according  to  Kolbe,  can  fly  with  the  fore  pair  of  wings  or  with  the 
hind  pair  almost  as  well  as  with  both  pairs  together.  Also  the  wings  of  these 
insects  can  be  cut  off  before  the  middle  of  their  length  without  injuring  their 
power  of  flight.  Butterflies,  Catocalae,  and  Bombycidse  fly  after  the  removal  of 
the  hind  wings.  Also  the  balancers  of  the  Diptera  must  be  useful  in  flying, 
since  their  removal  lessens  the  power  of  flight. 

Chabrier  regarded  the  under  sides  of  the  shell-like  extended  wing-covers  of 
the  beetles  as  wind-catchers,  which,  seized  by  wind  currents,  carry  the  insect 
through  the  air.  We  may  also  consider  the  wing-covers  as  regulators  of  the 
centre  of  gravity  of  flight. 

The  observations  of  insects  made  by  Poujade  (Ann.  Soc.  Ent.,  France,  1887, 
p.  197)  during  flight  teaches  us,  says  Kolbe,  that  in  respect  to  the  movement 
during  flight  of  both  pairs  of  wings,  they  may  be  divided  into  two  categories  :  — 

1.  Into  those  where  both  pairs  of  wings  (together),  either  united,  and  also 
when  separated  from  each  other,  perform  flight.  Such  are  the  Libellulidse, 
Perlidae,  Sialidse,  Hemerobidae,  Mymeleonidse,  Acridiidae,  Locustidfe,  Blattidse, 
Termitidge,  etc. 

2.  Into  those  whose  fore  and  hind  wings  act  together  like  one  wing,  since 
they  are  connected  by  hooks  (hamuli),  as  in  certain  Hymenoptera,  or  are  at- 
tached in  other  ways.  Here  belong  Hymenoptera,  Lepidoptera,  Trichoptera, 
Cicadidse,  PsocidaB,  etc. 
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The  musculature  of  the  mesothorax  and  metathorax  is  similar  in  tliose  in- 
sects both  of  whose  pairs  of  wings  are  like  each  other^  and  act  independently 
during  flight,  viz.  in  the  Libellulidie.  On  the  other  hand,  in  the  second  cate- 
gory, where  the  fore  and  hind  wings  act  as  a  single  pair  and  the  fore  wings  are 
mostly  larger  than  the  hinder  (except  in  most  of  the  Trichoptera),  the  muscula- 
ture of  the  mesothorax  is  more  developed  than  that  of  the  metathorax. 

To  neither  category  belong  the  beetles,  whose  wing-covers  are  peculiar  organs 
of  flight,  and  not  for  direct  use,  and  the  Diptera, which  possess  but  a  single  pair 
of  wings.  In  the  beetles  the  hind  wings,  in  the  Diptera  the  fore  wings,  serve 
especially  as  organs  of  flight.  It  may  be  observed  that  the  Diptera  are  the  best 
fliers,  and  that  those  insects  which  use  both  pairs  of  wings  as  a  single  pair  fly 
better  than  those  insects  whose  two  pairs  of  wings  work  independently  of  each 
other.  An  exception  are  the  swift-flying  Libellulidae,  whose  specially  formed 
muscles  of  flight  explain  their  unusual  capabilities  for  flying  (Kolbe). 
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THE   ABDOMEN   AND   ITS   APPENDAGES 

In  the  abdomen  the  segments  are  more  equally  developed  than 

elsewhere,  retaining  the  simple  annular  shape  of  embryonic  life, 
2  and     from     their    generalized 

nature  their  number  can  be 
readily  distinguished  (Fig.  17B). 
The  tergal  and  sternal  pieces  of 
each  segment  are  of  nearly  the 
same  size,  the  tergal  often  over- 

th.^n«]*i^.;'i*TZ1fin'":"rtr:ilT«%;,'K-l!'-    lapping  the  sternal  (though  in 
the  Coleoptera  the  sternites  are 

larger  than  the  tergites),   while  there  are  no  pleural  pieces,  the 

lateral    region   Iwing   membranous  when  visible  and   bearing  the 

stigmata  (Pig.  177,  L).    In  the  terminal  segments  I)eyoiid  tlie  genital 

outlet,  however,  there 

is  a  reduction  in  and 

loss  of  segments,  esjie- 

cially  in  the  adults  of 

the  metabolous  orders, 

notalily  the  Panorpida; 

(Fig.  177),  I>iptera,and 

aculeate  Hymenoptera; 

in  the  (.'lirysididiB  only 

three     or    four    Ijeiug 

usually      V  isible,      the 

distal    segmetits   l>eing 

i-edneed  and  telesc-oped 

inward. 
The  typical  ninidjer 

of  abdominal  segments 

(uromeivs),     i.e.     that 

occurring  in  each  order 

of  insects,  is  ton;  and 

in  certain  families  of 

Orthoptera,  eleven.    In 

the  embryos,  however,     ,h,,'i.'hiiiVJ,',rpi"'l"'°hllT'T"J^b!ttrt7f'A 

of    the    nio.st    general-     j"ii>t«i"T'-oi"'Ja.— ■;i"iTrf''. 

ized  winged  orders,  Orthoptera  (Fig.  li'il).  Dermaptera,  and  Odonata, 

eleven  can  be  seen,  while   Heymons  haa  recently  detected  twelve 

in  blattid  and  Forficula  embryos,  and  he  claims  that  in  the  nymphs 

of  certaiu   Odonata  there  are  twelve  segments,  the  twelfth   Iwinjt 
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represented  by  the  anal  or  lateral  plates.  It  thus  appears  that  even 
in  the  embryo  condition  of  the  more  generalized  winged  insects,  the 
ntunber  of  nronierea  is  slightly  variable. 

We  have  designated  the  abdomen  as  the  vroiome;  the  abdominal  aegmenta 
of  insects  and  other  Artliropoda  as  uronieres.  a:id  the  Hternal  aclerites  aa  uro- 
ileraitee,  farther  conilenBed  into  iiri(^s.  (See  Third  Report  U.  S.  Entomological 
Commission,  1883,  pp.  307,  324,  4:i5,  etc.) 

The  reduction  takes  place  at  the  end  of  the  abdomen,  and  is 
usually  correlated  with  the  presence  or  absence  of  the  ovipositor. 
In  the  more  generalized  insects,  as  the  cockroaches,  the  tenth  seg- 
ment is,  in  the  female,  com- 
pletely aborted,  the  ventral 
plate  being  atrophied,  while 
the  dorsal  plate  is  fused  dur- 
ing embryonic  life,  as  Cholod- 
kovsky  has  shown,  witli  the 
ninth  tergite,  thus  forming 
tlie  suranal  plate. 

In  tlie  advanced  nymph  of 
Psylla  the  hinder  segments  of 
tlie  ntxlomen  appear  to  be  fused 
together,  the  traces  of  Bes'"s"t3- 
tion  being  obliterai«d,  though  tlie 
segments  are  free  in  the  first  stage 
and  in  ilie  imago  (Fig.  178).    It 

thus     recalls      the     abdomen     of  rin.  I'b, —  N.vmiih  nfthp  pror  trc?  Pnvlla.whhita 

spiders,  of  I.imiilus,  and  the  pygi-  f!'"!' ''!.'"'  h«lr«— AnnSlliiKiTiaiul.  Bud.  r>lv.  Enl. 
dmm  of  tnlobites. 

The  median  segment.  —  There  has  been  in  the  past  much  discussion 
as  to  the  itature  of  the  first  abdominal  segment,  which,  in  tliose 
Hymenoiitera  exclusive  of  the  phytophagous  families,  forms  a  part 
of  the  tliorax,  so  that  the  latter  in  reality  consists  of  four  segments, 
what  appearing  to  be  the  first  abdominal  segment  being  in  reality 
the  second. 

Lalreille  and  also  Audouin  considered  it  as  the  basal  segment  of  tlie  abdo- 
men, the  former  calling  [t  the  ■'  segment  mSdiaire,"  while  Newman  termed  it 
the  "  propodeum."  This  view  was  afterward  held  by  Newport,  Schiiidtc,  Kein- 
hard,  and  by  the  writer,  as  well  as  Osten  Sacken,  Brauer,  and  otlierx.  The 
flrxt  author  to  attempt  to  prove  this  by  a  study  of  the  transformations  viae  New- 
port in  1S39  (article  "  Insecta").  He  stAtes  that  while  the  body  of  the  larva 
is  in  general  composed  of  thirteen  <listiDCt  segments,  counting  the  head  as  the 
first,  "  the  second,  third,  fourth,  and,  as  we  shall  hereafter  see,  in  part  also  the 
Ufth.  together  form  the  thorax  of  the  future  imago"  (p.  870).  Although  at  first 
inclined  to  Audouin's  opinion,  he  does  not  appear  to  fully  occepPit,  yet  farther 
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on  (p.  921)  he  concludes  that  In  the  Hymenoptera  the  "fifth"  segment  (first  ab- 
dominal) ta  not  in  renlity  a  part  of  the  true  thorax,  "but  is  sonietinies  connected 
more  or  lees  with  that  region,  or  witli  the  abdomen,  being  intermediate  between 
the  two.     Hence  we  have  ventured  to  designate  it  the  thoraciro-abdinaiiial  sedi- 
ment."   Had  he  considered  the  higlier  Hymeuopteraalone,  he  would  undoubtedly 
have  adopted  Latreille'a  view,  but  he  saw  that  In  the  saw-flies  and  Lepidoptera 
tlie  first  abdominal  segment  is  not  entirely  united  with  the  thorax,  being  still 
connected  with  the  abdomen  as  well  as  the  thorax.     Reinhard  in  1806  reaOirmed 
I^atreille's  view.    In  1806  we  stated  from  observa- 
tions on  the  iarvce  made  three  years  earlier,  that 
during  the  semipupa  stage  of  Dombus  the  entire 
first  abdominal  segment  is  "  transferred  from  the 
I  abdomen  to  the  thorax  with  which  it  is  intimately 

united  in  the  Hymenoptera,"  and  we  added  that 
we  deemed  this  to  be  "the  most  essential  zoo- 
logical character  separating  the  Hymenoptera  from 
all  other  insects."  (See  Fig.  »8,  showing  the 
gradual  transfer  and  fusion  of  this  segment  with 
the  thorax.)  In  the  saw-flies  the  fusion  is  incom- 
plete, an  also  in  the  I.cpidoptera,  while  in  the 
Diplera  and  all  other  orders  the  thorax  consists 
of  but  three  segments.     (See  also  pp.  90-92.) 

^  The  cercopoda. — ^Ve  have  applied  this 

name  tu  the  pair  of  anal  cerei  appended 
to  the  tenth  abdominal  segment,  and  whieh 
are  generally  regarded  as  true  abdominal 
legs.  As  is  now  well  known,  the  embiyoa 
of  insects  of  different  orders  have  luimennis 
temporary  pairs  of  abdominal  appendages 
which  arise  in  the  same  manner,  have  the 
same  embryonic  structure,  and  are  pla<.'ed  in 
a  position  homologous  with  those  of  the 
thorax.  In  the  embryo  of  (Kcanthns  rudi- 
mentary legs  appear,  as  shown  by  Avers, 
,  <ni    the  first  to  tenth  alwlominal  segment, 

Fm.  ITS.  —  AM.11KI1  ..f  j/.c  the  last  or  tenth  pair  Iwcoining  the  cen-o- 
biMinih:"uHs  irii'ini'r  iTiV  -th  poda;  ami  similar  rudimentary  ap)iendages 
iM.^iiiJit%iim«:'r!^r«I«ul  have  been  detei'ted  in  the  eml>ryos  of 
/^' ™'i«5i^- .*n\rondJmIin'«.'  t'oleoptera,  Lepido])tera,  and  Hymenoptera 
'"""''*°^*  (A]ii(hi!),      (.'holodkowsky     ha-s    observed 

eleven  pairs  of  abdomitial  ajjjiendages  in  Phyllodromia. 

They  are  very  long  and  mnltiarticulate  in  the  Thysanura  (Fig. 
1711)-  In  the  Dermaptera  they  are  not  jointed  and  are  foreep-like. 
It  should  also  Iw  ol»served  that  in  the  larva  or  Sisyra  (Fig.  181) 
there  are  seven  ])airs  of  Ti-joiuted  aMominal  ap|)endages,  though 
these  may  1*  secondary  structures  or  tracheal   gills.     In  the  Per- 
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lidse  and  the  Plectoptera  (Ephemeridae),  they  are  very  long,  some- 
times over  twice  as  long  as  the  body,  and  composed  of  upward  of 
55  joints ;  they  also  occur  in  the  Pan- 
orpidse  (Fig.  177).  In  the  dragon-flies 
the  cerci  are  large,  but  not  articulated, 
and  serve  as  claspers  or  are  leaf-like* 
(Fig.  180).  In  a  few  Coleoptera,  as  the 
palm- weev i  1  ( Rhyn ch ophonts  phve  n  icis) , 
Cerambyx,  Drilus,  etc.,  the  so-called  ovi- 
positor ends  in  a  hairy,  1-jointed,  palpi- 
form  cercus.    Short  25-jointed  cercopoda 

are    present     ^^c;*-^^ 
in      Termi-   /^  h — 
tidae,  and  2-         '  "^^ 
jointed  ones 
in  Embiidae. 
The   anal 
cerci     are 
present     in 
the  Orthop- 
tera       and, 
when  multi- 

.  •        1     .  —  A  fler  West  wood,  from  Sharp. 

ariiicuiav  e, 

function  as  abdominal  antennae.  They 
are  longest  in  the  Mantidae  (Fig.  182); 
they  also  occur  in  the  larva  of  the  saw- 
fly,  Lyda  (Fig.  183).  Dr.  A.  Dohrn  has 
stated  that  the  cerci  of  Gryllotalpa  are 
true  sensory  organs,  and  we  have  called 
those  of  the  cock- 
roach abdominal 
antenme,  having 
detected  about 
ninety  sacs  on 
the    upper    side 

of  each  joint  of  the  stylets,  which  are 
su])posed  to  be  olfactory  in  nature,  and 

Fio.    ISO.  —  End    of   abdomen    of        ,  .    ,  , 

.Ewhna  herott,  9  :  ur,  urontemite ;    wliicli   are   larger  and    uiorc  numerous 

or,  onter,  ir.  inner  styles  of  the  ovi-  •      ^^  .        .        , 

i>oMtor:  11,  iith  abdominal  segment:   than  Similar  sacs  or  pits  lu  the  antennae 

c,  cercopo<l, 

1  Heymons,  however,  denies  that  the  so-called  cerci  in  Odonata  are  such,  and 
claims  that  they  are  the  homoloi;ne»  of  the  "caudal  processes"  (superior  terminal 
appendages  of  Calvert),  l>ecause  they  arise  from  the  tenth  abdominal  segment. 


Fio.  181.  — Larva  of  Slsyra,  firom 
beneath.    B,  an  abdominal  appendage. 


•<B* 


Fio.  Itfi*. 
Mantl.*(.  —  After 
tillers. 


(Vrconoda  (lO  of 
Lncaze-Dii- 
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of  the  same  insect.^    From  his  experiments  upon  decapitated  cock- 
roaches, Graber  concluded  that  these  cerci  were  organs  of  smell. 


Fi«.  1^8.  —  Lyda  larva:  a,  head:  h.  fiid 
of  1)1  hIv  ^eeIl  from  abuvu ;  c,  Xthiu  »Idi*,  uiih 
eerpoiKMl. 

llaase  regarded  these  appendages,  from 
their  late  development  and  fre(|uent  reduc- 
tion, as  old  inherited  appendages  which  are 
approaching  atrophy  through  disuse. 

Cholodkowsky  states  that  Tridactylus,  a 
form  allied  to  (iryllotalpa,  bears  on  the  tenth 
abdominal  segment  two  pairs  of  cerci  (ven- 
tral and  dorsal),  and  that  the  ventral  pair 
may  correspond  to  the  atrophied  appendages 
of  the  tenth  embryonic  segment  of  Phyllo- 
dromia,  with  which  afterward  the  eleventh 
segment  becomes  fused. 

The  cercopods  are  not  necessarily  confined 
to  the  eleventh  or  to  the  tenth  segment, 
for  when  there  are  only  nine  segments,   with  the 
Xiphidium,  they  arise  from  the  ninth  uromere,  and 
roaches,  as  Panesthia,  in  which  there  are  but  seven 
appended  to  the  last  or  eighth  uromere. 


vestige  of  a  tenth,  as  in 
in  the  more  modem  cock- 
entire  segmente,  they  are 


1  Amer.  Nat.,  iv,  December,  1870. 
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As  to  the  homology  and  continuity  of  these  cereopods  with  the 
ventral  outgrowths  of  the  embryo,  several  embryo  legists,  notably 
Wheeler,  are  emphatic  in  regarding  them  as  such.  It  thus  appears 
that  either  the  embryonic  appendages  of  the  seventh  or  eighth, 
ninth  or  tenth  uromere  may  persist,  and  form  the  cercopoda  of  the 
adult. 

The  ovipositor.  —  The  end  of  the  oviduct  is  guarded  by  three  pairs 
of  chitinous,  unjointed  styles  closely  fitted  together,  forming  a 
strong,  powerful  apparatus  for  boring  into  the  ground  or  into  leaves, 
stems  of  plants,  the  bodies  of  insects,  or  even  into  solid  wood,  so 
that  the  eggs  may  be  dejKKited  in  a  place  of  safety.  In  the  ants, 
wasps,  and  bees  the  ovipositor  also  functions  as  a  sting,  which  is 
further  provided  with  a  jtoi son-sac. 

Morphologically,  the  ovijxisitor  is  composed  of  three  pairs  of  iin- 
jointed  styles  (rhabdites  of  Lacaze-I)Hthiers.,9Drj(ijio;)/f//itej(  of  Huxley), 
which  are  closely  oppressed  to  or  sheathed  within  each  other,  the 
e^!S  passing  out  fi-oni  the  end  of  the  oviduct,  which  lies,  as  l>ewitz 
states,  Iwtween  the  two  styles  of  the  lowest  or  innermost  pair,  and 
under  the  cross-bars  or  at  tlie  liase  of  the  stylets  nientiuned;  the 
styles  or  blades  spreading  apart  to  allow  of  the  passage  of  the  egg. 

The  ovipositor  is  I)e8t  develoi>ed  in  the  Tliysanura  (Fig.  179,  Cam- 
podea  excepted),  in  Orthoptera  (Fig.  184),  in  tlie  Odonata,  Heniiptera, 
certain   Physapoda,  _,. 

RhaphiidEB,  and  In  the 
phytophagous  Hyinen- 
optei-a,  where  it  is  ciiri- 
ously  modified  to  form 
a  rather  complicated 
saw  for  cutting  slits  in 
wood  or  leaves  (Fig. 
185).     It  is  wanting  or 

quite    imperfect     iu  Fio.  IM.  — ?««  nf  Uvloloma:  «.  Umrnl  h-hIp;  i.  m.vi/, 

^   ,  "  ,..    ,  ciirKol;  T(.7thipnr1i.>;  iH.filbatrrnKo;  uc.ovidiHi;   i>..  lui.s- 

Coleoptera,       Diptera,  tiii«.  —  AfiiTijiciK.-iiuihirrs, 
an<l  Lepidoptera. 

Morphologically,  the  ovipositor  appears  to  be  formed  out  of  the 
abdominal  appendages  of  the  seventh,  eighth,  and  ninth  segments  of 
the  female,  which,  instead  of  disappearing  in  the  orders  first  men- 
tioned, persist  as  permanent  styles. 

Wheeler  asserts  from  his  study  of  the  embryonic  development  of 
Xiphidium  "  there  can  be  no  doubt  concerning  the  direct  continuity 
of  the  embryonic  appendages  with  the  gonapophyses."  He  goes  on 
to  say :  — 
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"  One  embryo,  wbich  had  just  completed  katatrepis,  Btill  showed  traces  of  all 
U)e  abdominal  appendages.  The  pairs  on  the  eighth,  ninth,  and  tenth  sej^ents 
were  somewhat  enlarged.  In  immediately  succeeding  stages  the  appendages  of 
the  second  to  sixth  segments  disappear  ;  the  pair  on  the  suventh  disappear  some- 
what later.  Up  to  the  time  ol  hatching  the  gonapopbyses  could  be  contintiouHly 
traced,  since  in  Xiphidium  there  is  no  dezure  of  ixte  abdomen,  as  in  other 
forms,  to  obscure  the  ventral  view  of  the  tenninal  segments.  From  the  time 
of  iiatching  Dewitz  has  traced  the  development  of  the  ovipositor  iu  another 
locustid  {lAKtitCa  viridiMima),  so  that  now  we  have  the  complete  history  of  the 

Heymons,  however,  is  inclined  to  believe  that  they  are  simply 
hypodermal  outgrowths. 

The  first  to  study  the  morphology  of  the  ovipositor  was  Lacase- 

Duthiers,  who  referred  their  origin  to  the  partially  atrophied  dorsal 

or  ventral  sclerites  of  one  of  the  last  abdominal  segments;  a  view 

accepted  by  Gerstaecker  '  (Figs.  186,  187).    The  present  writer  (1866), 

however,  showed  that  the  sting  of  Boinbus  was  not  formed  of  the 

reduced  pieces  of  the  segments  themselves,  but  arose  from  special 

outgrowths    on    the   ventral 

side  of  the  eighth  and  ninth 

abdominal  segments.    These 

appenda^s  he  did  notatlirst 

regard  as  the  homologues  of 

the  limbs,  until  in  1871,  after 

Fio.  iM.-idijiiipiwiofih»  ntniMdt.  oriheovi-      Studying  the  origin   of    the 

tcnciu ;  <^.  •piinenim ;  a',  a.  two  pi«r«  nirminii  ihv      Spring  of  the  Poduraus  (Iso- 

r"he'!i'««  ^ir!^^«iiv'^rf!^.!w'""r"'"^  to"'a),  he  found  that  it  was  a 

i'^l'"4't'^SU^^%^i^b1i"ui^'^»Xr"d^^     true  jointed  appendage  and 

Aft«L«ue-DBiMer,.  therefore  a    homologue  of  a 

pair   of   the   styles  forming  the  ovipositor  of   the  winged  insects, 

and  that  the   three  pairs  of  styles  of  the  latter  were  homologues 

of    the    thora<ic   legs  and  cephalic    appendages.      The   view   was 

stated  in  the  Guide  to  the  Study  of  Insects.     (See  also  Amer.  Nat., 

March,  1871,  p.  6.)     Kraepelin  also  affirms  that  the  styles  of  the 

ovipositor  are  segmental  appendages  and  homologues  of  the  antennie, 

wings  (nir),  and  legs. 

An  objection  to  this  view  is  the  fact  that  the  posterior  pairs  of 
styles  appear  to  arise  both  from  one  and  the  same  segment,  —  the 
ninth.  Dewitz  questions  whether  the  four  a]»pendages  of  the  ninth 
segment  represent  two  pairs  of  limbs,  or  one  pair  split  into  two 
branches,  and  prefers  the  latter  view,  but  leaves  it  as  a  point  to 
be  settled  by  future  investigations.     As  will  lie  seen  below,  both 

'  Handbucb  der  ZouloBie,  p.  IT.  18«3.  Flp.  163. 
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Fid.  Iff!.  —  ],  sbdnmcn  of  CynlpB.  ilioiii-lntr  the  nmt  doml  Hrmfnl,  the  nediinrli'.  anil  Hi.- 
position  <>r  llK  avlposllur  wHbln:  £.  the  CDIlre  uIlliiMltar:  u,  llteni  K«lr:  n'.  1l-<  vhIm<;  I:,  itt'u' 
(Kale;  6'.  Blvlfl;  f,  «u|.rK)rlof  the  ttylet;  t.  hme  ur  mipimrt  of  BlInK  l/i);  8,  :in>flli'  Kli'mtni:  ih,- 

show  Its  nill  iiCie:  4.  snal  Kslr  (ft)  dikI  Kt.vlet :  (.  i.  Humiorls  anil  body  of  Ihv  ntvli'l '  •'.  pTi'i'r 

Hctlonnr  thebni.v  Ihrnuirh  Ihe  stln^  (dUsn'mnallc) :  A.Lnlcrnil  •rmslnrfi:  n,  mliilic';  n.  J«><'ml 

■Hnil  d.'lli  puppor'l;  i,  ■  wond  wcUon  jlmiifr  in'd  more  theoretlcsl  tban  the  ifrii- :  ^  nliimn- 
miUc,  ill  tbe  elements  uf  the  sting  hive  been  reduced  to  pieces  of  tbe  ume  fami.  —  AFMr  ijutte- 
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Kraepelio  and  BugnioQ  observed  a  pair  of  rudiments  \a  each  of  the 
three  pen  ultimate  segments,  those  of  the  middle  pair  splitting  in  two. 
Wheeler  maintains,  erroneously  we  think,  that  the  inner  of  the  two 
pairs  on  the  ninth  segment  represents  the 
tenth  pair  of  abdominal  appendages;  but  in 
reality  this  latter  pair  beeome  the  cercopods. 
That  there  are  probably  originally  in  insects 
of  all  the  orders  provided  with  an  oviiwsitor 
three  distinct  pairs  of  appendages,  one  to 
each  segment,  is  proved,  or  at  leaat  strongly 
suggested,  by  Oaiiin's  researches  on  the 
three  pairs  of  abdominal  inmginal  discs  of 
the  thinl  Iarv»  of  Platygaster  ami  I'olynema 
(Fig.  188),  which  are  transformed  into  the 
ovipositor.  He  remarks  that  these  imaginal 
discs  have  the  same  origin  and  }>;iss  through 
the  same  changes  as  those  in  front,  i.e. 
those  destined  to  form  the  thoracic  legs. 
DewitK  has  shown  that  the  germs  of  the 
ovipositor  of  the  honey-Iiee  arise  as  buds 
Via.  I".  — Thtrd  larva  ..f  ""  '1'^  *"'"  scgmcnts  bclorc  the  last  (Fig. 

i'X''^Vi/ltii'\'Ir\i.\'.'Xw»ii"f':  Kraepelin  also  detected  in  Ihe  larva  of 
"'^'vn'ir'oai.ii''''™'''''"''''™"'  *'"■  boney-liee  a  pair  of  what  he  regarded 
as  genuine  imaginal  buds  on  abdominal  seg- 
ments eight,  nine,  and  ten  ;  the  buds  on  the  tenth  scgm.-nt  arc  divided 
each  in  two ;  of  these  four  appendages  the  two  median  ones  form  the 
l>arlH:(l  sting  {ij'ii-<jerel  or  sl'ivhelrimie),  And  the  two  lateral  stylets, 


the  valves  (iiKKheliicheideii).  The  two  buds  of  the  ninth  segment 
give  rise  to  the  vagina  and  to  the  oviducts,  and  these  unite  second- 
arily with  the  jiosterior  end  of  the  ovaries.    The  genital  apjicndjmes 
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of  the  male  corresirond  to  those  of  the  female,  and  arise  from  four 
im^inal  buds  situated  on  the  under  side  of  the  tenth  abdominal 
segment. 

In  the  ants,  according  to  Dewitz,  the  genital  armature  is  derived 
from  imaginal  buds  situated  on  the  under  side  of  the  seventh,  eighth, 
and  ninth  abdominal  segments.     }!ugnion  has  observed  the  format 
tion  of  six  imaginal  buds  of  the  genital  armature  in  the  larva  of  a 
chalcid  (Encyrtns,  Figs.  41,  42, 191,  q^ffif),  the  transformation  of  the 
central    part    of    these 
structures     into     small 
digitiform    pads,     then 
the  division  of  the  two 
intermediate    buds   into 
four  (?)|Fig.  191.  B,q% 
but  was  unable  to  trace 

their    fartlier    develop-  Ba 

ment. 

The  subject  still  needs 
farther  investigation,  since 
certain  observers,  as  Haaae, 
and,  more  recently,  Hey- 
inons,  dn  not  believe  that 
tliey  are  honinlogues  of  the 
legs,  but  lH(«^iniental  struct- 
ures, tliouf;h  of  somewliat 
higher  value  than  the  style 
of  the  base  of  the  legs  of 
Sciilopendrella  and  Thysa- 
nura ;  but  it  is  to  be  ob- 
served that  a-^yMwe  know        f,„.  ,ik,._  ,,  „i„K„d  !«i«.n«c. 

but  liltle  of  the  etnbryologi-  polsnn  kUiM:  t;i>.  imImid  rrwrvnlri  J.,  -  .^.r-. ,  .^,». .  «. 
cai  inscory  oi  tiiese  scjcea.  „  ,.u«iniie  nbu:  O.  ubloiw  phw:  ■'.  snguiir  |ii«-,.:  R. 
Those  authors  who  have  ha>i^iirUieiit]ni(uidi>ij'leis;M«', j>rA*',tbi)tn:ohiirl>Mlni>'irii> 
avnniinoil  t\\e  f\fwnanra  /if  '^  d«l[<.  S,  *tliip  «vn  frnm  the  vmlwl  ftcB  i  Jetrprlng  UK  In 
examinea  Wie  elemeiita  OI  ,UBdih<TBri»,-.\n»r  Krnepellii.froiii  IVrrUr. 
the   ovipositor,   nnd    regard  • 

them  as  homologuea  (hnmii^ynamous)  of  the  limbs,  are  Weiamann  (1866), 
Ganiii  (1869),  Packard  (1871),  Ouljanln  (1872),  Kraepelin,  Kowalevsky  (187:1), 
Dewitz  (1875),  Huxley  (1877),  Cholodkowsky,  Bugnion  (IBfll),  and  Wheeler 
(18ft!). 

As  shown,  then,  by  our  observations  and  those  of  Dewitz  (Fig.s.  tS9 
and  192),  the  rudiments  of  the  ovipositor  consi.st  of  three  pairs  of 
tubercles,  arising,  as  Kraepelin  and  also  Rugnion  (Fig.  191)  have 
shown,  fi-om  three  pairs  of  imaginal  discs,  situated  re  s]  ice  lively  on 
the  seventh,  eighth,  and  ninth  uromei'es,  or  at  least  on  the  three 
penultimate  segments  of  the  abdomen.     With  the  growth  of  tlie 


I 
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semipupa,  the  end  of  the  abdomen  decreases  in  size,  and  is  gradually 
incurved  toward  the  base  (Fig.  193),  and  the  three  pairs  of  append- 
ages approach  each  other  so  closely  that  the  two  outer  ones  com- 
pletely ensheath  the  inner  pair,  until  a  complete  extensible  tube  is 
formed,  which,  by  the  changes  in  form  of  the  muscles  within,  is 
gradually  withdrawn  entirely  within  the  body. 

An  excellent  account  of  the  honey-bee's  sting  is  given  by  Cheshire  (Figs.  194, 
195).     The  outermost  of  the  three  pairs  of  stylets  forming  the  apparatus  is  the 

^  two  tliick,  hairy  "palpi" 

or  feelers  (P),  these  being 
freer  from  the  sting  proper 
than  in  the  ovipositor  of 
Orthoptera.  The  sting 
itself  is  composed  of  the 
two  inner  pairs  of  stylets  ; 
one  of  these  pairs  is  united 
to  form  the  sheath  (M), 
while  the  other  pair  form 
the  two  barbed  darts.  The 
sheath  has  three  uses :  first, 
to  open  the  wound  ;  second, 
to  act  as  an  intermediate 
conduit  for  the  poison  ;  and 
third,  to  hold  in  accurate 
position  the  long  barbed 
darts.  The  sheath  does 
not  enclose  the  darts  as  a 
scabbard,  but  is  cleft  down 
the  side  presented  in  Fig. 
194,  which  is  below  when 
the  sting  points  backward. 
But,  says  Cheshire,  as  the 
darts  move  up  and  down, 
they  would  immediately 
slip  from  their  position, 
unless  prevented  by  a 
mechanical  device,  ex- 
hibited by  B  and  C,  giving 
in  cross-section  sheath  and 
darts  near  the  end,  and  at 
the  middle  of  the  former.  *'  The  darts  (d)  are  each  grooved  through  their  entire 
length,  while  upon  the  sheath  {sh)  are  fixed  two  guide  rails,  each  like  a  prolonged 
dovetail,  which,  fitted  into  the  groove,  permits  of  no  other  movement  than  that 
directly  up  and  down."  The  darts  are  terminated  by  ten  barbs  of  ugly  fonn 
(Z>,  Fig.  194),  and  much  larger  than  those  of  the  sheath,  and  as  soon  as  the  latter 
has  established  a  hold,  first  one  dart  and  then  the  other  is  driven  forward  by 
successive  blows.  These  in  turn  are  followed  by  the  sheath,  when  the  darts 
again  more  deeply  plunge,  until  the  murderous  little  tool  Is  buried  to  the  hilt. 
But  these  movements  are  the  result  of  a  muscular  apparatus  yet  to  be  examined, 
and  which  has  been  dissected  away  to  bring  the  rigid  pieces  into  view.  The 
dovetail  guides  of  the  sheath  are  continued  far  above  its  bulbous  portion,  as  we 


Fio.  191.  —  A,  «nd  of  larvA  of  Encvrtus  of  2d  stage,  show- 
ing the  three  jialrs  of  luiaginal  buds  of  the  ovipositor  v^,  7-,  y*. 
B^  the  same  in  an  older  Urva  ready  to  transform ;  i,  intestine ; 
a*,  genital  gland ;  a,  anus.  —  After  Bugnion. 
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uthoir  the  RiuHuUr  Btlubmentn.    'The  inuwlei  which  siuud  the  ipixnlus  ihI  uv  nHsched 


ji  pvu  ninilii.  —  Alter  Davrlu. 
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Fig.  IW.  —  l)rvrU>pinrnI  of  Ihr  •Uhk  In  Bonibiia:  A.  a.  1>l  p^r  on  ^th  lUriiltf:  A.  M  Inner 
taberclrs,  tbe  KenuB  of  (he  uikle  oi^uia. 
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see  by  E,  Fig.  195  ;  and  along  with  these  the  darts  ure  also  prolonged  upward, 
still  h«ld  to  the  guides  by  the  grooved  nri%n)(einent  before  explained  ;  but  both 
f^idcs  and  darts,  in  the  upper  part  of  their  length,  curve  from  each  other  auuie- 
whal  like  the  arms  of  a  Y,  to  the  pointii  e,  r'  (J,  Fig.   \M),  where  the  darts 
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make  att&chment  to  two  levers  (i,  i').  Tlie  levers  {k,  I  and  ic\  V)  are  provideil 
with  brood  musclea,  which  terminate  by  attachment  to  the  lower  segments  of 
the  abdomen.  These,  by  contraction,  revolve  the  levers  aforesaid  round  tlie 
points  /,  /,  BO  that,  without  I'elative  uovement  of  rod  and  groove,  the  points 


-.  DetBlh  ttt  ntlfifr  of  b» :  C.  imr,  ■ 
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e,  c'  approach  each  other.  The  anns  of  the  Y  straighieii  and  shorten,  so  that 
the  sheath  and  darts  are  driven  from  their  hiding-place  together  and  the  tiirust 
is  made  by  which  the  sheath  produces  its  incision  and  fliture.  The  sides  being 
Hymineirical,  we  may,  foraimplicity's  sake,  concentrate  our  attention  on  one,  say 
tlie  left  iu  the  figure.  A  muscular  contraction  of  a  broad  strap  joining  jt  and  il 
(the  dart  protractor)  now  revolves  t  on  t,  so  that  a  is  raised,  by  wliich  clearly  e 
is  made  to  approach  d;  i.e.  the  dan  la  setit  forward,  so  that  the  barbs  extend 
beyond  the  sheath  and  deepen  the  puncture.  The  other  dart,  and  then  the 
sheath,  follow,  in  a  sequence  already  explained,  and  nliich  <i.  Fig.  IDi).  is  in- 
tended to  make  intelligible,  a  representing  the  entrance  of  the  sheath,  h  the 
advance  of  the  barbs,  and  c  ttie  sheath  in  its  second  position.  The  barb  re- 
tractor muscle  is  attached  to  the  outer  side  of  t,  and  by  it  a  is  depressed  and  the 
barbs  lifted.  These  movements,  following  one  another  with  remarkable  rapidity, 
are  entirely  reflex,  and  may  be  contiiiueU  long  after  the  sting  has  been  torn,  as 
Is  usual,  from  the  insect.  By  taking  a  piece  of  wash-leather,  placing  it  over  the 
end  of  the  linger,  and  applying  it  to  a  bee  held  by  the  wings,  we  may  get  the 
fullest  opportunity  of  observiiig  the  sting  movements,  wliich  the  microscope  will 
show  lo  be  kept  up  by  contiuueil  Impulses  from  the  Hftli  abdominal  ganglion  and 
its  multitudinous  nerves  (n.  Fig.  1)14,  A),  which  penetrate  every  part  of  the  nling 
mechanism,  and  may  be  traced  even  Into  the  darts.  These  facts,  together  with 
the  explanation  at  page  40,  will  show  why  an  abdomen  separated  many  hours 
may  be  able  to  sting  severely,  as  I  have  more  than  onee  eiperienced. 

The  male  genital  armattiie  in  the  bees  is  originally  composed  of 

three  pairs  of  tubercles,  hoiuologoiia  with  those  of  tlie  female,  all 

jj  originally    arising    from     three 

L,,  ,  ^  abdominal  segments,  two  after- 

(      »— 3_g  ward    being    anterior,    and    the 

yi jj  tliird  pair  nearer  the  base  of  the 

y~[-Y  abdomen. 

The  ovipositor  of  the  dragou- 

-~__  flies  (Odonata)  is  essentially  like 

CilL)    °  that    of    the     Orthoptera    and 

Hymenoptera.     Thns  in  -^sclma 

(Fig.  lOfi),  Agrion  (Fig.  1%,  C). 

and  also  in   Cicada  it  consists 

of  a  pair  of  closely   appressed 

uimpntirv  nvirmiuor  of    ensiform   processes  which   grow 

«ru'J'iur;;\;r"hli;?Ked''\'!'ov;^TrofnJ^,p'h    out    from    under   the    posterior 

of  ABrton;  rf,  K«i.  _  edgSi  of  the  eighth  uromere  and 

are  embraced  between  two  pairs  of  thin  lamelliform  pieces  of  similar 

form  and  structure. 

The  styles  and  genital  ciaspers  {RlmhdopDfiii).  —  Other  appendages 
.if  the  end  of  the  abdomen  of  pterygote  insects,  and  generally,  if  not 
always,  arising  from  the  ninth  segment,  are  the  clasping  organs, 
or  rliiibtlopixla  as  we  may  call  them,  of  Ephemeridje  (Fig.  1!)"), 
Xenroptera  (Coiydalus  [Fig.  198],  Myrmeleon,  Rhaphidia),  Trii^hop- 
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tera,  Lepidoptera,  Diptera,  and  certain  phytophagous  Hymenoptera. 
They  do  not  appear  to  occur  in  insects  which  are  provided  with  an 
ovipositor.     In  Thysanura  the  A 

styles  are  present  on  segments 
1-9  (Fig.  179).  Those  of  the 
male  Ephemeridse,  of  which 
there  are  two  pairs  arising  from 
the  ninth  segment,  are  remark- 
able, since  they  are  jointed,  and 
they  serve  to  represent  or  may 
be  the  homologues  of  two  of  the 
pairs  of  stylets  composing  the 
oviix)sitor  of  insects  .of  other 
orders.  The  lower  pair  (Fig. 
197,  rh)  are  either  2-,  3-,  or 
4-jointed  (in  Oniscigaster  5- 
jointed),  while  those  of  the 
upper  pair  are  2-jointed  (r/i'). 
These  rhabdopods  in  the  ephem- 
erids  are  evidently  very  prim- 
itive structures,  since  they 
approach  nearest  in  shape  and 
in  being  jointed  to  the  abdom- 
inal legs  of  Scolopendrella  and 
the  Myriopoda.  The  styles  of 
the  Orthoptera  are  survivals 
of  the  embryonic  appendages  of 
the  ninth  segment  (Wheeler, 
etc.).     In  Mantis  they  are  seen 


9 


a 


3D\ 


Th 


2l^ 


—  Abdomen  of  Ephemera  (Lopto- 
phlebia)  cupifla,  (f  :  c,  baso  of  cercojioda;  rA, 
outer  8-jointe<l  claspers  or  rhabdopods  ;  rh\  inner 
pair.    A,  side  view. 


to  have  the  same  relations  as  the  cerci, 
as  shown  by  Heymons  (Fig.  200). 

In  the  Phasmidge,  in  Anabrus,  and  in 
the  Odonata  the  cercopods,  which  are  not 
jointed,  are  converted  into  claspers,  and 
in  the  Odonata  the  claspers  are  spiny 
within,  so  as  to  give  a  firmer  hold.  The 
suranal  plate  is  apparently  so  modified  as 
to  aid  in  grasping  the  female.  In  nearly 
all  the  Trichoptera  there  are,  besides  the 
suranal  plate,  which  is  sometimes  forked 
Fio.  198'  -  End  of  abdomen  of  (Nosopus),  a  pair  of  supcrior  and  of 
'^fj:':^^oX"'^ '-'''' '"'"'"'"'  inferior  claspers,  and  in  certain  genera 
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nil 


(Ascalaphomerus,  Macronema,  Rhyacophila,  Hydropsyche,  Amphi- 
psyche,  Smicridea,  and  Ganoneiua)  the  lower  pair  are  2-jomted  like 
those  of  Ephemeridae.  The  number  of  abdominal  segments  in  the 
adult  Trichoptera  is  nine,  and  McLachlan  states  that  the  genital 

armature  consists  of  three  pairs  of 
appendages,  i.e,  a  superior,  inferior, 
and  intermediate  pair,  besides  the 
suranal  plate  (vestige  of  a  tenth  seg- 
ment) and  the  penis.  Judging  by  his 
figures,  these  three  pairs  of  api)end- 
ages  arise  from  the  last  or  ninth  uro- 
mere,  and  the  upper  pair  seem  to  be 
the  homologue  of  the  cercopoda  of 
ephemerids.  It  needs  still  to  be 
Fig.  199.  -  End  of  abdomen  of  embryo  ascertained  whether  the  intermediate 

of  Mantis:  r,  rhabdopod;  c,  cercoiMid;  «p, 

suranal  plate;  »<,  atigma  on  6th  st»gment.  pair  is  a  separate  sct,  or  merely  sub- 

—  After Heymons.  j      •    •  o    .,  i  '  j 

divisions  of  the  upper  or  lower,  and 
whether  one  of  the  latter  may  not  arise  from  the  penultimate  seg- 
ment, because  we  should  not  expect  that  the  last  segment  should 
bear  more  than  one  pair  of  appendages,  as  we  find  to  be  the  case 
in  arthropods  in  general,  and  in  the  Neuroptera,  from  which  the 
Trichoptera  may  have  originated. 

In  most  larvae  of  the  Trichoptera,  especially  the  Rhyacophilidae 
and  Hydropsycliidie,  the  last  abdominal  segment  bears  a  pair  of 
2-jointed  legs  (cerco- 
poda), ending  in  either 
one  or  two  claws,  which 
under  various  forms, 
sometimes  forming  long 
processes,  persist  in  the 
pupa ;  and  there  appears 
to  be  a  suranal  plate,  the 
vestige  of  the  tenth  uro- 
mere.  In  the  pupa, 
judging    by    Klapalek's 

figure  of  LeptOCerUS  -/..i^ird-.  head"  (Hamper  ?):*.  -obronjr  plate";  IX-XI, 
f24w».  25\  a   pair   of   lat-     terminal  se«rment»;    X.  Kiiraoal  phite;  XI',  11th  Hternlto.— 

eral  spines  arise  which 
may  in  the  imago  form  one  of  the  pairs  of  appendages  or  styles. 
In  the  pupa  of  (Ecetis  fnrva  his  figure  28©  shows  two  pairs  of 
1 -jointed  appendages  arising  from  the  last  segment;  whether  the 
long  dorsal  or  upper  styles  arise  from  the  vestige  of  a  more  distal 


Fio.  200,  —  End  of  abdomen  of  Periplan^ia  mneric/ina, 
hide  view:  e.  oerropod ;  at,  stilun ;  p,  penl.n;  /.  tilillatnr; 

^  .    '.        "  foi 
« ;    X.  'siiraoal  plate ; 
After  Pevtourfaii. 
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segment  is  not  distinctly  shown  in  Klapdlek's  sketch.  The  origin 
of  these  elements  of  the  genital  armature  evidently  needs  further 
Btndy. 

Whether  the  abdominal  legs  or  so-called  false  or  prop-legs  of 
lepidopterous  larvfe  are  genuine  legs,  homologous  with  those  of 
the  thorax  and  with  the  cephalic  appendages,  or  whether  they  aie 
secondary  adaptive  structures,  is  a  matter  still  under  discussion. 
That,  however,  they  are  true  legs  is  shown  by  the  embryology  of  the 
Lepidoptera,  where  there  is  a  pair  to  each  abdominal  segment.  It 
may  also  be  asked  whether  the  anal   legs  of  lepidopterous  larvae 


are  not  the  homologues  of  the  2-jointed  anal  appendages  of  caddis- 
worms. 

In  Lepidoptera,  notably  the  male  of  the  very  generalized  Erioce/ih- 
a)a  calthella  (Fig.  201),  besides  the  broad  unjointed  claspers,  wliich 
are  curved  upward  and  provided  with  a  brush  of  stiff  hooked  seta; 
(this  upper  pair  being  perhaps  modified  cercopods),  there  is  an 
accessory  lower  slenderer  pair,  while  the  suranal  plate  (t)  is  palpi- 
form  or  clavate  and  also  adapted  to  aid  in  the  action  of  the  claspers. 
The  examination  of  the  cercopods  and  rliabdopods  in  the  Trichoj)- 
tera  and  in  a  generalized  lepidopteroiis  form  like  this  enables  one 
to  understand  the  morphology  of  the  genital  armature,  since  it 
consists,  besides  the  suranal  plate,  which  is  often  deejjly  forked  (in 
Sphingidff,  Smith),  of  a  pair  of  modified  hook-like  cercopoda,  and 
in  some  cases  (Eriocephala)  of  an  additional  pair  of  claspers  which 
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may  be  the  homologues  of  the  ephemerid  rhabdopods.  A  pair  of 
hooks,  often  strong  and  claw-like  (fiarpes),  are  situated,  one  near 
the  base  on  the  inside  of  each  clasper ;  they  are  especially  developed 
in  the  Noctuidae  (Smith),  and  appear  to  be  present  in  certain  Trichop- 
tera,  but  this  remains  to  be  proved.  This  complicated  apparatus  of 
claspers  and  hooks  is  utilized  by  those  insects  which  pair  while  on 
the  wing,  and  is  wanting  in  such  forms  as  Coleoptera  and  Hemip- 
tera.  Besides  the  forceps  of  Panorpa,  there  are  two  pairs  of 
slender  filiform  apjjendages  which  need  fai'ther  examination.  In 
the  Diptera,  especially  Tipulidae,  there  is  a  pair  of  2-joiuted  append- 
ages or  forceps,  as  in  Limnophila  (Osten  Sacken).  The  male  genital 
armature  of  Diptera  appears  to  be  on  the  same  general  plan  as  in 

Lepidoptera,  but  more  complicated. 

Notice  should  also  be  taken  of  the  paired 
uncinate  hooks  which  are  modifications  of  the 
penis-sheath  of  the  male  of  cockroaches  (Phyllo- 
dromia),  which  Haase  states  appear  to  originate 
on  the  tenth  ventral  plate,  and  which  probably 
"serve  to  open  and  dilate  the  vagina  of  the 
female,  especially  as  a  perforated  penis,  which 
is  highly  developed  in  Machilis,  seems  to  be 
wanting  in  the  Blattidae.''  (Haase.) 

The  penis.  —  This  is  a  single  or  double  median 
style-like  structure  either  hollow  and  ])erforated, 
or  solid,  very  variable  in  shape,  receiving  the  end 
of  the  ejaculatory  duct.  It  is  usually  enclosed 
between  two  lateral  i)lates,  the  homologues  i^er- 
haps  of  the  inner  jiair  of  sheaths  of  the  ovi- 
positor. In  the  Coleoptera,  as  in  Carabidai  and 
Melolonthida3,  the  penis  is  a  long  chitinous  tube, 
"  retractile  within  the  abdomen  on  the  under  surface  as  far  as  the 
anterior  segments."  (Newport.)  In  the  Hymenoptera,  of  which 
that  of  the  saw-flies  is  a  type,  Newi)ort  states  that  it  "consists  of 
a  short  valvular  projectile  organ,  covered  externally  by  two  pointed 
horny  plates  (i)  clothed  with  soft  hairs."  Above  these  are  two  other 
irregular  double-jointed  plates  (Fig.  202,  T)  surrounded  at  their  base 
by  a  chitinous  ring  (A*);  they  are  edged  with  prehensile  hooked 
spines  (i).  Between  these  in  the  middle  line  are  two  elongated 
muscular  parts  (m)  which  enclose  the  penis  (/<),  and  which,  like 
those  in  beetles,  perhaps  aid  in  dilating  the  vulva  of  the  female. 

An  examination  of  Figs.  203-207  will  aid  in  understanding  the 
various  modifications  in  beetles,  etc.,  of  this  organ. 


Fro.  202.  —  Male  on?anA 
of  g-erieration  of  Athalia. 
— After  Xew|Mjrt. 
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A  general  study  of  the  anatomy  and  bomologiea  of  the  male  genital 
armature,  from  a  developmental  point  of  view,  together  with  a  com- 
parison of  them  with  the  corresponding  female  organs,  is  still 
needed, 

Telum  penis.  —  In  the  locusts  (Acrydiidee)  the  penis  is  concealed 

by  a  convex  plate,  flap,  or  hood,  free  anteriorly  and  attached  jios- 

teriorly  and  on  the  sides  to  the  ridge  forming  the  upper  edge  of 

p^  the  tenth  stemite.     When  about  to 

unite  sexually,  the  tip  of  the  abdo- 
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men  is  depressed,   the  hood    is  drawn  backward,  uncovering  the 

chitinoiis  penis. 

The  Buranal  plate. — This  is  a  triangular,  often  thick,  solid  plate 
or  area,  the  remnant  of  the  tergum  of  the  last,  usually  t*nth,  seg- 
ment of  the  abdomen,  the  supra-anal  or  suranal  plate,  or  anal  oper- 
culum (himinn  mpmanalin)  of  Haaae.  In  most  lepidopt^rous  larv» 
this  plate  is  well  marked;  in  those  of  the  PlatyjiteridEe  it  is  remark- 
ably elongated,  forming  an  approach  to  a  flagelluni-like  terrifying 
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appendage,  and  in  that  of  Aglia  tau  it  forms  a  long,  prominent, 
sharp  spine.  In  the  cockroach,  both  ('holodkowsky  and  Haase 
maintain  that  the  tenth  abdominal  segment  is  siippres.sed  in  the 
female,  the  tergal  portion  being  fused  with  the  aiiranal  plate  (the 
latter   in   this    case,  as  we  understand  it,  being  the  remnant  of 


Fifl,  3M,  ^CopuUliiry  omn  of  a  vaerlJ,  RhyehopAorvt  jAi»nfcl9,  a«en  from  ibnve.  A,rt^ 
Oa  liilwt  UDllad  Into  ■  upsule :  pp.  torn  membniie  wblch  cunngcU  the  optule  oilh  Iba  9tli  ib- 
doDilnsI  tegincnl:  ej,  <]iKul>U>rr  duct.  B,  ths  ntau  tten  from  the  Mt;  i»u,  end  of  tbr  muivls 
of  the  penlii.    I',  tha  um*  u  B,  without  iha  u|i«ule^  <m,  opening  of  Uie  rjicutator}-  dud  (rj|. 

the  eleventh  segment  of  the  embryo).  As  to  the  nature  of  the 
middle  jointed  caudal  appendage  in  Tliysariura  and  May-flies  Hey- 
mons  has  satisfactorily  shown  that  it  is  a  hypertrophied  jiortion 
of  the  suranal  plate,  being  in  Lepisma  but  a  tilamental  elongation 
of  the  small  eleventh  abdominal  tergite. 


>  »Hnk[<^  wt\e)r.  n  •.tbl.  —  Tbit'^ni 

At  the  base  of  the  suranal  plate  of  locusts  (Acrydiidae)  is  the  sur- 
anal fork  or  suranal  furcnla  (fiiroilii  xiipra-nwilif,  as  we  have  called 
it)(Fig.  88,  SO,/). 

'  The  podlcal  plates  or  paranal  lobea.  —  1u  the  cockroach  ami  other 
insects,  also  in  the  nymphs  of  Odimata.  the  anus  is  bounded  on 
each  side  by  a  more  or  less  triangular  plate,  the  two  valves  lieing 
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noticeable  in  lepidopterous  larvae.  They  are  the  valvulce  of  Bur- 
meister,  and  podical  plates  of  Huxley,  who  also  regarded  them  as 
the  tergites  of  an  eleventh  abdominal  segment;^  and  the  subanal 
laminae  of  Heymons.     They  are  wanting  in  Ephemeridse. 

The  infra-anal  lobe.  —  Our  attention  was  first  called  to  this  lobe  or 
flap,  while  examining  some  geometrid  larvae.  It  is  a  thick,  conical, 
fleshy  lobe,  often  ending  in  a  hard,  chitinous  point,  and  situated  di- 
rectly beneath  the  vent.  Its  use  is  evidently  to  aid  in  tossing  the 
pellets  of  excrement  away  so  as  to  prevent  their  contact  with  the 
body.  The  end  may  be  sharp  and  hard  or  bear  a  bristle.  WTiether 
this  lobe  is  the  modified  ventral  plate  of  the  ninth  urite,  we  will  not 
undertake  at  present  to  say. 

The  egg-guide.  —  In  the  Acrydiidae  the  external  opening  of  the  ovi- 
duct is  bounded  on  the  ventral  side  by  a  movable,  triangular,  acute 
flap,  the  egg-guide  (Fig.  88,  B,  eg).  Whether  this  occurs  in  other 
orders  needs  to  be  ascertained. 


LITERATURE  ON  THE  ABDOMEN  AND  ITS  APPENDAGES 

a.   General  (including  the  cerci,  stili,  etc.) 

Cornelius,  C.  Beitrage  zur  uaheren  Kenntnis  von  Palingenia  longicauda.  (Pro- 
gramm  d.  Real-  u.  Gewerbeschule  zu  Elberfeld,  1848,  pp.  1-38,  4  Taf.) 

Schiodte,  J.  6.  Bemerkungen  Uber  Myrmecdphilen.  Ueber  den  Bau  des  hin- 
terleibes  bei  einigen  K&fergattungen.     (Germar's  Zeits.  f.  £nt.,  1844.) 

De  metamorphosi  Eleutheratorum  observationes.      (Naturhist.  Tidsskr. 

i-xiii,  1861-1883.) 

Heinert,  F.  Anatomia  Forficularum.  Anatomisk  undersogelse  af  de  Danske 
Orentviste,  i.     (Naturhist.  Tidsskr.     3  raekke,  ii,  1863,  pp.  427-482,  1  Tl.) 

Om  dobbelte  Saedgange  bos  insecter.     (Naturhist.  Tidsskrift,  3  raekke, 

V,  1868.) 

Tullberg,  Tycho.    Sveriges  Podurider.     (Svenska  Vetensk.-Akad.  Handl.,  1872, 

X,  Nr.  10,  12  Pis.) 
Davis,  H.    Notes  on  the  pygidia  and  cerci  of  insects.     (Journ.  R.  Micr.  Soc, 

1879,  ii.) 
Westhoff,  F.     Ueber  den  Bau  des  Ilypopygiums  der  Gattung  Tipula  Meig. 

(Mttnster,  1882,  pp.  1-62,  6  Taf.) 
Saunders,  Edward.     Further  notes  on  the  terminal  segments  of  aculeate  Hyme- 

noptera.     (Trans.  Entom.  Soc.  London,  1884,  pp.  261-267,  1  PI.) 
Palm6n,   J.   A.     Ueber  paarige  Ausfiihrungsgange  der  Geschlechtsorgane  bei 

Insekten.     (Helsingfors,  1884,  6  Taf.) 
Haase,   E.     Die  Abdominalanhange  der  Insekten  mit  BerUcksichtigung  der 

Myriopoden.     (Morpholog.  Jahrbuch,  1889,  xv,  pp.  331-435,  2  Taf.) 

Abdominalanhange  bei  Hexapoden.    (Sitzungsber.  d.  Gesellsch.  natur- 

forsch.  Freunde,  1889,  pp.  19-29.) 

1  In  my  account  of  the  anatomy  of  Melmwplua  spretus,  Ist  Report  U.  S.  Entomo- 
logical Commission,  p. 250, 1  have  called  these  the  infra-anal  flaps  or  uro-patagiu. 


184  TEXT-BOOK  OF  ENTOMOLOGY 

Wheeler,  William  H.     On  the  appendages  of  the  first  abdominal  segment  of 

embryo  insects.     (Trans.  Wis.  Acad.  Sc,  viii,  1890,  pp.  87-140,  3  Pis.) 
Janet,  Charles,    ii^ludes  sur  les  fourmis,  5«  note,  sur  la  morphologic  du  squelette 

des  segments  post-thoraciques  chez  les  Myrmicides.     (M6m.  Soc.  Acad,  de 

rOise,  XV,  pp.  691-611,  Figs.  1-5,  1894.) 
Heymons,  Richard.  Die  Segmentirung  des  Insektenkdrpers.    (Anh.  Abh.  Akad. 

Berlin,  Phys.  Abh.,  pp.  39,  Taf.,  1895.     See  also  Die  Embryonalent.  von 

Dermapteren  und  Orthopteren,  under  Embryology.) 

GrundzUge  der  Entwicklung  und  des  K5rperbaues  von  Odonaten  und 

Ephemeriden.     (Abhandl.  k;  Preuss.  Akad.  d.  Wissens.  Berlin,  1896, 2  Taf., 
pp.  1-66.) 

Zur  Morphologic  der  Abdominalanh&nge  bei  den  Insecten.     (Morphol. 

Jahrb.,  iv,  1896,  pp.  178-203,  2  Taf.) 

Peytoureau,  S.  A.  Contribution  k  P^tude  de  la  morphologic  de  Parmure  genital 
des  insectes.     (Bordeaux,  1895,  pp.  248,  22  Pis.,  43  Figs,  in  text.) 

Verhoeff,  C.  Cerci  und  styli  der  Tracheaten.  (Ent.  Nachr.,  xzi,  pp.  166-168, 
1895.) 

Also  the  writings  of  Oudemans,  Packard,  Zander. 

h.   The  ovipositor 

Lacaze-Duthiers,  Henri.     Recherches  sur  Parmure  g^nitale  femelle  des  insectes. 

(Ann.  d.  sc.  natur.,  1849,  xii,  pp.  353-374,  1  PL  ;  1850,  xiv,  pp.  17-52,  1  PI. 

(Hym6nopt6res)  ;    1852,  xvii,  pp.  206-251,  1  PI.  (Orthopt^res)  ;  1853,  xix, 

pp.  25-88,  4  PI.  (Neuropt^res,  Thysanures,  Colfiopl^res,  Dipt^res)  y  pp.  203- 

237  (L^pidopt^res,  Aphanipt^res  en  general.     Also  separate.)) 
Solimann,  A.    Der  Bienenstachel.    (Zeitschr.  f.  wissens.  Zool.,  xiii,  1803,  pp.  528- 

540,  1  Taf.) 
Fengger,  H.     Anatomic  und  Physiologie  des  Giftapparates  bei  den  Hynienop- 

teren.     (Archiv  f.  Naturgesch.,  1803,  pp.  139-178,  1  Taf.) 
Eaton,  A.  £.     Remarks  upon  the  homologies  of  the  ovipositor.     (Trans.  Ent. 

Soc.  London,  1868,  pp.  141-144.) 
Packard,  A.  S.     On  the  structure  of  the  ovipositor  and  homologous  parts  in  the 

male  Insects.      (Proc.  Boston  Soc.  Nat.  Hist.,  xi,  1808,  pp.  393-399,  Figs. 

1-11.) 
Lambrecht,  A.     Samtliche  Telle  des  Stechapparates  in  Bienenkoiper  und  ihre 

Verwendung  zu  technischen  und  vitalen  Zwecken.     (BienenWirtsch.  Cen- 

tralbl.,  7  Jahrg.,  1871,  pp.  ^11.) 
Kraepelin,  K.     Untersuchungen  Uber  den  Bau,  Mechanismus  und  die  Entwick- 
lung des  Stachels  der  bienenartigen  Tiere.      (Zeitschr.  f.  wiss.  Zoologie, 

xxiii,  1873.) 
Dewitz,   H.     Vergleichende   Untersuchungen   Uber  Bau  und  Entwicklung  des 

Stachels  der  Honigbiene  und  der  Legescheide  der  grtinen   Heuschrecke. 

(Kttnigsberg,  1874.) 

Ueber  Bau  und  Entwicklung  des  Stachels  und  der  Legescheide  einiger 

Hymenopteren  und  der  gi'Unen  Heuschrecke.    (Zeitschr.  f.  wissen.  Zoologie, 
XXV,  1874,  pp.  174-200,  2  Taf.) 

Ueber  Bau  und  Entwicklung  des  Stachels  der  Ameisen.    (Zeitschr.  f.  wiss. 

Zoologie,  1877,  xxviii,  pp.  527-556,  1  Taf.) 

Adler,  H.    Legeapparat   und   Eierlegen  der  Gallwespen.     (Deutsche  Entom. 

Zeitschr.,  1877,  xxi  Jahrg.,  pp.  305-332,  1  Taf.) 
CholodkOTsky,  N.      Ueber  den  Hummelstachel  und  seine  Bedeutung  ftlr  die 

Systematik.     (Zool.  Anzeiger.  vii,  1884,  pp.  312-316.) 


LITERATURE  OF  THE  ABDOMEN  AND  APPENDAGES    185 

Ihering,  H.  von.     Der  Stachel  der  Meliponen.     (Eiit.  Naclir.,  1886,  xii,  Jahrg., 

pp.  177-188,  1  Taf.) 
Meinert,  F.    Bidrag  til  de  danske  Myrers  Naturhistorie.     (Kjobenhavii,  1890, 

68  S.U.     Danske  Vidensk.  Selsk.  Skrifter,  5  Raek,  v,  3  Pis.) 
Beyer.  0.  W.    Der  Giftapparat  von  Formica  rufa  ein  reduziertes  Organ.   (Jena. 

Zeitschr.  Naturw.,  1890,  xxv,  pp.  26-112,  2  Taf.) 
Carlet,  6.     M^moire  sur  le  venin  et  Taigaillon  de  Tabeille.     (Ann.  d.  sc.  nat. 

Zool.,  7  s^r.,  ix,  1890,  pp.  1-17,  1  PI.) 
KUnckel  d'Herculais,  J.     M^hanisme  physiologique  de  la  ponte  chez  les  insectes 

orthopt^res  de  la  famille  des  Acridides.  —  ROle  de  Pair  comme  agent  m6- 

canique  et  fonctions  multiples  de  Parmure  g^nitale.     (Compt.  Kend.,  cxix, 

pp.  244-247,  1894.) 
Also  the  \vritiug8  of  Verhoeff,  Heymons. 

c.   The  external  genital  armature 

Klug,  Johann  C.  F.     Versuch  einer  Berichtigung  der  Fabriciusschen  Gattungen 

Scolia  u.  Tiphia.     (Ueber  u.  Mohr  Beitrage  zur  Naturkunde,  i,  pp.  8-40, 

1805,  ITaf.) 
Audouin,  J.  V.,  and  Lachat.    Observations  sur  les  organes  copulateurs  males 

des  Bourdons.     (Annal.  g^n^ral.  d.  sc.  phys.,  1821,  viii,  pp.  285-289.) 
Audouin,  J.  V.     Lettre  sur  lag^n^ration  des  insectes.     (Ann.  des  sc.  nat.,  s6r.  1, 

il,  1824.) 
Suckow,   F.  W.   L.     Geschlechtsorgane  der  Insekten.     (Heusinger,  Zeitschr. 

organ.  Physik.,  1828,  ii,  pp.  231-264,  1  Taf.) 
Rathke,  H.   De  Libellularumpartibusgenitalibus.    Regiomonti,  1832,  pp.  6  +  38, 

3  Pis. 
Siebold,   C.  Th.  E.  von.     Ueber   die    Fortpflanzungsweise    der    Libellulinen. 

(Germar's  Zeitschr.  f.  Ent.,  1840,  ii,  pp.  421-438.) 
Selys-Longchamps,  £.  de.    Monographic  des  Libellulidees  d^ Europe.     4  Pis., 

1840. 
Bassi,  C.  A.     Studi  sulle  funzioni  degli  organi  genitali  degP  insetti  da  lui  osser- 

vati  piu  specialraente  nella  Bombyx  mori.     (Atti  della  5  Riun.  d.  Scienz. 

lual.  Lucca,  1844,  pp.  39-94.) 
Stein,  F.    Vergleichende  Anatomie  und  Physiologie  der  Insekten,  i.     Die  weib- 

lich.  Geschlechtsorgane  der  Kafer.     Berlin,  1847,  9  Taf. 
Ormancey,  P.*  Recherches  sur  l'6tui  penial  consid^r^  comme  limite  de  l'esp6ce 

dans  les  col6opt6res.     (Ann.  sc.  nat.,  1849,  3  s6r.,  Zool.,  xii,  pp.  227-242.) 
Roussel,  C.     Recherches  sur  les  organes  g^nitaux  des  insectes  col^opt^res  de  la 

famille  des  Scarab^ides.     (Compt.  rend.  Acad.  d.  sc.  Paris,  1860,  1,  pp.  158- 

161.) 
MacLachlan,  R.     A  monographic  revision  and  synopsis  of  the  Trichoptera  of  the 

European  fauna.     London,  1874-80,  59  Pis. 
On  the  sexual  apparatus  of  the  male  Acentropus.      (Trans.    Ent.   Soc. 

London,  1872,  pp.  157-162.) 
Thomson,  C.  6.    Nagra  aumarkningar  of ver  arterna  af  slagtet  Carabus.    (Thom- 
son's Opuscula  En  tomologica,  vii,  1857,  pp.  615-729,  1  PI.) 
Dufour,  L.     Sur  Pappareil  genital  male  du  Corcehus  hifasciatus.      (Thomson, 

Archiv  ent.,  1867,  i,  pp.  378-381.) 
White,  F.  Buchanan.   On  the  male  genital  armature  in  the  Rhopalocera.   (Trans. 

Linn.  Soc,  ser.  1,  Zool.,  i,  pp.  357-369,  1876,  3  Pis.) 
Graber,  V.   Die  Aehnlichkeit  im  Baue  derausseren  weiblichen  Geschlechtsorgane 

bei  den  Lokustiden  und  Akridiern  auf  Grund  ihrer  Entwicklungsgeschichte. 

(Sitzber.  k.  Akad.  d.  Wissensch.  Wien.,  1870,  Ixi,  pp.  1-20,  1  Taf.) 


186  TEXT-BOOK   OF  ENTOMOLOGY 

Scttdder,  Samuel  H.,  and  Edward  Burgess.  On  asymmetry  in  the  appendages  of 
hezapod  insects,  especially  as  illustrated  in  the  lepidopterous  genus  Nisoni- 
ades.     (Proc.  Boston  Soc.  Nat.  Hist.,  1871,  xiii,  pp.  282-306.) 

Chadima,  J.  Ueber  die  Homologie  zwischen  den  mftnnlichen  und  weiblichen 
aujsseren  Sexualorganen  der  Orthoptera  Saltatoria  Latr.  (Mitteil.  d.  natur- 
wiss.  Vereins  f .  Steiermark,  1872,  pp.  25-33,  1  Taf .) 

Hagens,  yon.  Ueber  die  Genitalien  der  m&nnlichen  Bienen,  besonders  der  Gat- 
tung  Sphecodes.    (Berlin  Ent.  Zeitschr.,  1874,  pp.  26-43.) 

Ueber  die  m&nnlichen  Genitalien  der  Bienengattung  Sphecodes.  (Deutschen 

Entom.  Zeitschr.,  1882,  pp.  209-228,  2  Taf.) 

Lindenman,  C.     Vergleichend-anatomische  Untersuchung  ueber  das  m&nnliche 

Begattungsglied  der  Borkenkafer.     (Bull.  Soc.  Imp.  d.  Natural.  Moscou, 

1875-77.) 
Forel,  A.     Der  Giftapparat  und  die  Analdrtisen  der  Ameisen.   (Zeitschr.  f.  wiss. 

Zoologie,  XXX,  suppl.,  1878.) 
Kraatz,  G.   Ueber  die  Wichtigkeit  der  Untersuchung  des  mannlichen  Begattungs- 

gliedes  der  K&fer  fUr  die  Systematik  und  Artunterscheidung.    '(^^^^^^^^^ 

Entom.  Zeitschr.,  1881,  xxv,  pp.  113-126.) 

Ueber  das  m&nnliche  Begattungsglied  der  europaischen  Cetoniiden  und 

seine  Verwendbarkeit  fttr  deren  scharfe  spezifische  Unterscheidung.    (Ibid., 
pp.  129-149.) 

Gosse,  Ph.  H.  On  the  clasping-organs  ancillary  to  generation  in  certain  groups 
of  the  Lepidoptera.  (Trans.  Lum.  Soc.,  1882,  Ser.  2,  Zool. ,  ii,  pp.  265-345, 
8  Pis.) 

The  prehensors  of  male  butterflies  of  the  genera  Omithoptera  and  Papilio. 

(Proc.  Roy.  Soc.  London,  1881,  xxxiii,  pp.  23-27.) 

Radoszkowski,  0.  Revision  des  armures  copulatrices  des  males  du  genre 
Bombus.     (Bull.  Soc.  Natur.  Moscou,  1884,  xlix,  pp.  51-92,  4  Pis.) 

Revision  des  armures  copulatrices  des  males  de  la  tribu  Phil^r^mides. 

(Ibid.,  1886,  Ixi,  pp.  359-870,  2  Pis.) 

Revision  des  armures  copulatrices  des  males  de  la  famille  des  Mutillidse. 

(Horae  Soc.  Ent.  Ross.,  1885,  xix,  pp.  3-49,  9  Pis.) 

Revision  des  armures  copulatrices  des  males  de  la  tribu  des  Chrysides. 

(Horse  Soc.  Ent.  Ross,  xxiii,  1890,  pp.  3-40,  6  Pis.) 

Hofmann,  0.     Beitrage  zur  Kenntnis  der  Butaliden.    (Stett.  Ent.  Zeit.,  1888, 

pp.  335-347,  1  Taf. ) 
Driedzichi,   H.      Revue  des  esp^ces    europ^ennes   du  genre  Phronia  Winn. 

(Uorae  Soc.  Ent.  Ross.,  1889,  xxiii,  pp.  404-532,  10  Pis.) 
Sharp,  David.     On  the  structure  of  the  terminal  segment  in  some  male  Hemip- 

tera.     (Trans.  Ent.  Soc.  London,  1890,  pp.  399-427,  3  Pis.) 
Escherich,  K.     Die  biologische  bedeutung  der  Genitalanhange  der  Insekten. 

(Verhandl.  d.  zool.  bot.  Ges.  Wien.,  1892.) 

Anatomische  Studien  iiber  das  mannliche  Genitalsystem  der  Coleopteren. 

(Zeits.  f.  wissens.  Zool.,  Ivii,  pp.  620-641,  1  Taf.,  3  lijjs.) 

Verhoeff,  C.  Zur  vergleichenden  Morphologic  der  "  Abdominalanhange  "  der 
Coleopteren.  (Ent.  Nachr.,  xx,  pp.  93-96,  1894.  Compare  also  O. 
Schwarz  and  J.  Weise's  criticiKms  in  D.  Ent.  Zeit.,  pp.  153-157  ;  also  pp. 
101-109,  155-167.     Zool.  Anzeipjer,  pp.  100-106,  1894.) 

Vergleichend-morphologische  Untersuchunsen  ueber  das  Abdomen  der 

Endomychiden,  etc.,  und  Uber  die  Musculature  des  Copulationsapparates 
von  Triplax.     (Archiv  f.  Naturg.,  Ixi,  pp.  213-287,  2  Taf..,  1895.) 

Vergleichende  Untersuchungen  Uber  die  abdominal  Segmente  der  weib- 
lichen Hemiptera-IIeteroptera  und  Homoptera.  (Verb.  Nat.  Ver.  Bonn, 
1,  pp.  307-374,  1894.) 


THE  ARMATURE    OF  IXSEVTS 


187 


Vnhoefl,  C.     BeitrSge  Kur  Tergleichenden   Morpbologie  des  Abdomens  der 

Cocclnelliden,  etc.     (Archiv  f.  Natui^.,  Ixi,  pp.  1-80,  S  Qge.,  1895.) 
Boas,  J.  B.  T.     Organe  copulateur  et  accouplement  der  hanneton.     (Overaigt 

over  det  K.  Danske  Vldensk.  Selnkab  Forhand,  1892,  Copenhagen,  1893, 
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THE   ARMATURE  OF  INSECTS:    SET^,  HAIRS,   SCALES, 
TUBERCLES,    ETC. 

The  cntlcalfL  —  The  integument  is  externally  either  smooth  and 
shining  or  variously  punctured,  granulat«d,  t\iberculated,  striated, 
or  hairy.  In  certain  orders 
the  skin  is  clothed  with 
flattened  sebe  or  scales, 
while  many  fonns,  as  some 
caterpillars  (Figs.  208, 209), 
beetles  (Fig.  210),  etc.,  are 
protected  by  spines,  horns, 
etc.,  these  in  adult  insects 
often  forming  secondary 
sexual  characters,  usually  being  more  developed 
in  the  females. 


-  Bridghi 


1  the  males  than 


The  cuticula  i) 
minutely  spinulated. 


t  always  Braoolh,  but  ia  often  finely  granulated  or  even 

Oil  the  abdominal  segments  of  Anabrus,  as  observed  by 

Minot,  the   cuticula   is  armed  with 

microscopic  conical  nodiilea  scattered 

irregularly  over  it.      'J'liey   do    not 

correspond,  he  says,  in  any  way  to 

hairs ;    for    they   do    not   rest   over 

pores,  nor  did  lie  see  any  specially 

modified  eella  underlying  them.  "As 

far  as  I  have  observed,  they  are  mere 

local  irregularities,  each  nodule  being 

^^Fio,20».-l*rv.of //j7„rrAJHai<..ni.bMoh-    apparently  suppoiWd  by  some  four 

or  six  unraodifled  epidermal  cells." 

Minot  adds   that  the   whole  of  the  cuticula,  except   the  cones  just  described 

and  tbe  hairs,  ia  divided  into  numerous  minute  fields,  each  of  which  cor- 
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Fi«.  '21U.  —  PhamniM  fteu 
a  MUM,  cf,  from  Mexico.— 
AfU'r  Graber. 


hyp  W&STi^ 


Kio.  211.  —  Section  of  intefrument  of 
Datanu  minintra:  c,  cutleiiln;  fn//>,  hypo- 
dermls;  ^,  outer  pigmented  mKliilatvd  layer. 


responds  to  a  single  cell  of  the  underlying  hypodermis.  Each  field  is  bounded 
by  a  distinct  polygonal  outline,  and  its  surface  is  either  covered  by  a  large  num- 
ber of  extremely  minute  projecting  points,  as  on  the  dorsal  arch  of  the  segment, 

or  is  smooth,  as  upon  the  articular  membrane  and  ven- 
tral arch.  Upon  the  sides  of  the  dorsal  arch  and  upon 
the  spiracular  membrane  each  field  has  a  projecting 
spine  or  sometimes  two  or  even  three.  (See  also  pp. 
28,  30.) 

The  cuticle  of  lepidopterous  larvaB  has  also  been 
described  and  figured  by  Minot.  In  the  caterpillars 
of  different  groups  investigated  by  him,  the  cuticle  was 
found  to  be  rough  with  microscopic  teeth  or  spinules, 
erect  or  flattened  and  scale-like,  and  either  densely 
crowded  or  scattered,  and  affording  excel- 
lent generic  and  specific  characters.  In 
the  slug- worms  (Limacodids)  we  have 
observed  that  the  cuticula  is  unusually 
rough,  especially  on  the  spiniferous 
tubercle  of  Empretia,  Parasa,  etc.  (Fig. 
213,  c).  The  skin  of  the  body  between 
the  tubercles  is  seen  to  be  finely  sha- 
greened,  due  to  the  presence  of  fine  teeth, 
which  are  more  or  less  curved  and  bent, 

these  teeth  arising  from  a  very  finely  granulated  surface  (d).  The  cuticle  of 
neuropterous,  trichopterous,  and  tenthredinid  larvae  will  probably  affonl  similar 
cases.    The  integument  of  the  larva  of  Datana  is,  on  the  black  bands,  rough 

and  nodulated,  the  irregular  nodules  being  filled  with  a  black 
pigment,  and  forming  a  layer  (p)  external  to  the  true  cuticula 
(Fig.  211). 

The  integument  of  many  insects  contains  line 
canals  passing  through  the  chitinous  la^^ers  and  open- 
ing externally  in  minute  pores.  Certain  of  the  pore- 
canals  communicate  with  hollow  sette  which  sit 
directly  over  the  pores ;  other  pores  form  the  external 
openings  of  dermal  glands,  but  in  many  cases  they 
are  empty  or  only  filled  with  air,  and  do  not  have 
any  hairs  connected  with  them.  Each  of  these  pores 
communicates  with  a  hair-forming  hyi)odermal  cell, 
called  by  Graber  a  tricluxjen. 

Setae  (*^ hairs"  and  bristles).  —  The  setae  of  insects 
are,  as  in  worms,  processes  of  the  cuticle  originating 
Fio.  212.— Hairs  from  Certain  of  the  hypodermal  cells.     Thev  arise 

of  Datana :/.  forma-       .,,  -  •         ti  -^  r  •       i.     i.  "i         i 

tive  hair-cell ;  c,  ciiu-  Cither  from  a  riug-like  pit,  or  from  a  minute  tubercle, 
hiyJr;  %%yiM>der-  and  are  usually  situated  at  the  outlet  of  a  pore-canal, 

which  connects  with  an  underlying  cell  of  the  hypo- 
dermis  (Fig.  212).  They  are,  then,  bristle  or  hair-like  processes 
arising  from  the  hypodemiis.  Where  the  hairs  or  setae  are  rubbed 
off,  their  site  is  indicated  by  a  minute  ring  like  a  follicle  in  the 
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chitinous  integument.  The  cuticular  bail',  says  Leydig,  is  iii  its  first 
couditton  the  secretion  of  the  cellular  eleineut  of  the  skin,  aud  a 
thread-like  continuation  of  the  cell-body  may  rise  up  through  the 
pore-canal  into  the  centre  of  the  hair,  remaining  there  permanently. 

While  the  setie  are  usually  simple,  they  are  often  branched, 
plumose,  or  spinulose,  as  in  larval  Hemerobida^,  Antlirenus,  and 
Derniestes,  the  larvee  of  certain  coccinellid  beetles,  notably  Epi- 
lachna,  and  of  Cassida,  the  larvas  of  arctians,  etc.,  and  in  bees 
(Anthophila,  Megachile,  Osmia,  CoUetea,  Apis,  etc.). 

The  use  of  these  spinulose,  plumose,  and  twisted  hairs  in  the  bees 
is  clearly  shown  by  J.  B.  Smith,  who  states  that  as  these  insects 
walk  over  flowers,  the  jKillen  gi-ains  adhere  to  the  vestiture,  "  and 
this  also  accounts  for  the  fact,  probablj'  noticed  by  every  obser\-ant 
fruit-grower,  that  bees  freciuently  bury  themselves  completely  in  the 
blossoms,  or  roll  over  every  part  of  them.  Such  insects  are  after 
pollen,  not  honey,  and  by  so  rolling  about,  the  pollen  grains  are 
brought  into  contact  with  and  adhere  to  the  surface  of  the  insect." 
The  syri>hid  flies  also  pollenize  flowers,  the  poUenizing  of  chrysan- 
themums being  effected,  as  Smith  states,  by  Eriatatia  teitax,  and  he 
ailds  that  the  body  \estiture  of  the  syrj)hida  "  is  often  composed  of 
spurred  aud  branched  hairs  '  (For  reference  to  gathering  hairs,  see 
p.  45.) 

Certain  remarkable  spines  occur  in  limacodid  larvie,  notably  Em- 
pretia  aud  Adoneta.     These  we  have  called  caltrops  spines,  from 


their  resemblance  to  the  caltrops  formerly  used  in  repelling  the 
attacks  of  cavalry  They  are  largely  concerned  in  producing  the 
IKiisonous  and  irntatmg  effects  resulting  from  contact  with  the  cater- 
pillars of  these  moths  and  are  situated  in  scattered  groups  near  the 
end  of  the  tubercles  A  group  of  three  is  represented  at  Fig,  213,  e. 
They  are  not  firmly  embedded  m  the  cuticle,  but  on  the  contrary 
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appear  to  become  very  easily  loosened  and  detached,  and  they  prob- 
ably, when  brought  into  contact  with  the  skin  of  any  aggressor, 
burrow  underneath,  and  are  probably  in  part  the  cause  of  the  con- 
tinual itching  and  annoyance  occasioned  by  these  creatures.  It  will 
be  seen  by  reference  to  Fig.  213,  e\  that  the  body  of  the  spine  is 
spherical,  with  one  large,  elongated,  conical  spine  arising  from  it,  the 
spherical  base  being  beset  with  a  number  of  minute,  somewhat  obtuse 
spinules. 

Glandular  hairs  and  spines.  —  In  some  insects  occur  fine,  minute, 
hollow  setae  from  which  exude,  perhaps  through  pore-canals  of  ex- 


B 


a 


^ 
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Fio.  214. — Qlandtilar  hairs  of  cat«rplllar8.  A,  Danylophia  anffuinti :  a,  of  botly  ;  b,  of  head; 
r,  of  prothorocic  Bhield.  B,  Ctraiotria  tricolor :  a,  on  body  ;  b.  on  atxlomlnal  legs.  i\  A^hieura 
ipome<e  :  a,  from  third  thoracic  seg-ment ;  b,  from  larva  stage  II ;  <%  simple  seta^  from  minute  warts. 


treme  fineness,  droplets  of  a  clear  watery  or  plasma-like  sticky  fluid. 
The  club-shaped  tenent  hairs  of  the  feet  of  Collembola,  and  the  hairs 
fringing  the  feet  of  Diptera,  are  modified  glandular  hairs.  Here 
they  serve  to  give  out  a  sticky  fluid  enabling  the  insect  to  walk  on 
smooth  surfaces  ;  they  end  in  a  vesicle-like  bulbous  expansion,  which 
may  contain  numerous  pore-canals.  Those  of  caterpillars  were  first 
noticed  by  Zeller,  and  Dimmock  has  particularly  described  those  of 
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the  larvae  of  Pterophoridse.  They  are  either  club-shaped,  or  vaii- 
ously  forked  at  the  end  (Fig,  214,  B,  a).  They  are  usually  replaced 
after  the  first  larval  moult  by  ordinary,  simple,  solid,  pointed  setee, 
aud  their  use  iu  caterpillars  is  aa  yet  unknown.  Whether  these 
hairs,  as  seems  most  probable,  arise  from  a  specialized  glandular 
hypodermal  cell,  or  not,  has  not  yet  been  discovered. 

These  temporary  fine  glandular  hairs  are  probably  the  homologues 
of  the  larger  true  glandular  bristles  and  spines  of  the  later  stages  of 
certain  lepidopterous  larvee,  which  are  brightly  colored  and  lead  an 
exposed  life,  living  through  a  large  pai't  of  the  summer.  In  these 
structures  the  bristles  or  spines  are  hollow,  filled  with  a  poisonous 
secretion  formed  iu  a  single  large,  or  several  smaller  specialized 


Fta-  21^-  —  A,  ffroup  of  wtjp  tiislntr  fmm  t  AnbdoTH]  tuber 
fTinls;  ne.  the  «nliinrcHl  rimI  Bit^lalliiKl  iwlln  at  thf  hyTxwIprr 
cIvQ> :  ugl!-.  the  nuck'i  <v1ileh  t.xmr  the  ci'notu.MiK  Hulcl  wblcJ 
t  /.  In  B  broken  »\Aai.    B.  a  »hort  I'nilre.  and  ■  long  broken 


,-;');  i'i>J<r.  tour  p< 


hypodermal  cells  situated  under  the  base  of  the  spine.  In  the 
venomous  spines  of  Laijna  crinpata  the  jwisonoiis  fluid  in  the  larger 
spines  (Figs.  215,  C,  21 G,  b)  is  secreted  in  several  large  cells  situated 
at  the  base  of  the  spine,  and  this  is  the  usual  form.  In  the  finer 
spines  of  a  large  tubercle  (Figs.  215,  A,  216}  there  appears  to  be  a 
differentiation  of  the  hypodermal  cells  into  two  kinds,  the  large, 
basal  deep-seated,  setigenous  cells  (216,  sc)  and  the  poison-secreting 
nuclei  (216,  pglc)  situated  nearer  the  base  of  the  setse.  The  spines 
being  filled  with  poison  and  breaking  into  bits  in  the  skin  of  the 
hands  or  neck,  cause  great  irritation  and  smarting.  These  nettling 
or  poisonous  hairs  or  spines  are  especially  venomous  in  the  larva  of 
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Oi^ia,  Empreti 
(Fig.  217}  and  li 


a.>l«.  —  i>«tlon  0 

>  l*rv>  In  >U»  : 
oDerorocliiu-u; 


tuA,  BplDuUted 


'laulea,  Hijperchiria  io,  the  lai^-ae  of  the  satumians 

ipids,  etc.    They  rarely  occur  in  insects  of  other 

orders,    though    the    skin    of   Tele- 

phorus   is   said  by   Leydig  to  bear 

glandular  hairs. 

Leydig  states  that  in  the  stout  bristles  of 
Satumia  there  is,  as  in  the  integument  of 
the  body,  a  homogeneous  cuticula,  under 
nhicfa  is  the  cellular  matrix  (hypudenuis). 
and  the  clear  contents  (byaloplasma)  are 
secreted  from  the  blood.  Tbe  cell -structure 
of  the  hairs  consist,  as  in  the  cells  of  the 
body,  of  spongioplasuia  and  hyaloplasma. 
Leydig  has  observed  the  droplets  of  the 
secretion  of  the  caterpillar  of  Satarnia 
carpini  oozing  through  distinctly  obeerr- 
able  pores,  and  stales  that  there  ai«  similu' 
openings  in  the  haira  and  scales.  Uenitz 
found  easily  observable  openings  at  the  end 
ol  the  hairufalargeeiotic  weevil  (Fig.  130). 
The  advanced  nympli  of  Psylla  is  also 
armed  with  clavate  glandular  baits  (Fig. 
Mlt«b»rrle    118}- 

«''«"]""»        The  tubercles  are  outgrowths  of  the  body- 

'.  pal<uii  In    walls  1   they  are  either  smooth,  warty,  or 

""'n'  "^   ■P'"y>  *■  '"  ■n""?  cateqiillars.     While  tlie 

armature  of  insects  is  of  little  morphological 


I 
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importance,  It  i.s  evidently  of  great  biological  importance,  the  welfare  or  even 
tlie  life  of  the  insect  depending  upon  it ;  and  it  varies  in  each  species  of  insect, 
especially  in  Oipiera,  where  the  puaitioii  of  even  a  single  seta  characterizes  tlie 
species. 

The  mode  of  development  of  the  hairs  was  first  described  bj' 
Semper.  In  the  pectiDation  of  the  antenna  of  Saturnia  atrjiiiii  he 
observed  that  the  hairs  ai'ise,  like  the  scales  of  the  wings,  from  large 


FiQ.  tlS.  — FIstUDcd  bllra  from  the  btin]  ti 
JltttrvpacKa  riltyant 


ina :  A,  this*  lh)in  Iba  >>t*nl  tu 


round  fonnative-oella  lying  in  the  cavity,  which  send  out  through  the 
hypodermis  and  cuticle  a  long  slender  process  which  finally  l)econiea 
the  hair  (Fig.  218). 

Tactile  hairs  are  those  setje  arising  over  nerve  cells  or  nerve  termi- 
nations and  will  lie  discussed  under  the  organs  of  sense. 

Scales.  —  In  very  rare  cases  the  hairs  of  caterpillars  (Fig.  219)  are 
flattened  and  scale-like,  and 
this  passage  in  tlie  same 
insect  of  cylindrical  hairs 
into  flattened  scale-like 
ones,  shows  that  the  scales 
are  only  modified  hairs. 
Also,  as  we  shall  see  farther 
on.  Semper  has  proved  tliat 
their    mode    of    origin    is 

identical.    While  true  scales  ria    SiO.  -  THp  ume  m  O.  qurrc/Jolln  .■  <r.  n  emoll 

are   characteristic   of    Ryn- 

aptera  (Thysanura    and    Colembola),    as  well    as  Lepidoptera   and 

Trichojitera,  they  also  occur  in  the  Paoeidffi  (Amphientomum),  in 
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many  Coleoptera  {Curculionidse,  Cleridae,  Ptinidse,  Dermestiilae, 
Byrrhidie,  ScambEeidte,  Elateridie,  and  Ceraiiibycidse),  and  in  the 
Culicidae,  and  a  few  other  Diptera,  though  they  are  especially  char- 


sn«d  ud  splnuliled  hilri  ur  tufts  o 


acteristic  of  the  Lepidopteia,  not  a  si>ecies  of  this  great  order  lieing 
kno^vn  to  be  entirely  destitute  of  tbera. 
The  snales  vary  much  in  shape,  but  are  more  or  less  tile-like, 
attached  to  the  surface 
of  the  boily  or  wiux  by 
a  short  slender  jwdicel, 
and  are  more  loosely 
connected  with  the  in- 
tegument than  the  liiiirs, 
which  are  thicker  at  the 
IwsP  or  insertion  than 
beyond. 

'file  markings  of  the 
scales,  Iwith  of  Synaptera 
arte  and  Lepidojitera,  are 
very  elaborate,  consist- 
th  transverse  ridges  Iwtwecn. 
"  The  striae  of  the  transparent  scales  of  MicrO])tefyx  are  from  about 
/KM)  to  .'100  to  the  millimetre,  varying  in  different   species.      The 


ing  of  raised  lines,  ridges,  or  stri» 
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opaque  scales  of  Morpho,  which  show  metallic  reflections,  have 
about  1400  strise  to  the  millimetre."     (Kellogg.) 

The  primary  use  of  scales,  as  observed  by  Kellogg,  is  to  protect 
the  body,  as  seen  in  Synaptera  and  Lepidoptera.  A  nearly  as 
important  use  is  the  production  of  colors  and  patterns  of  colors  and 
markings,  while  in  certain  butterflies  certain  scales  function  as  the 
external  openings  of  dermal  scent-glands,  and  tliey  afford  in  some 
cases  (as  first  claimed  by  Kettelhoit  in  ISfiO)  generic  and  specific 
characters.  Spuler  has  shown  that  the  scales  ai-e  strengthened  by 
internal  chitinous  pillars.  Burgess  has  observed  in  the  scales  of 
Daiiais  plexippna  that  the  under  surface  of  the  scales  is  usually 
smooth,  or  provided  with  few  and  poorly  developed  ridges,  and  this 
has  been  confirmed  by  Spuler  and  by  Mayer  (Fig.  226). 

In  the  irised  and  metallic  scales  the  ridges,  says  Spuler,  ai-e  not 
divided  into  teeth,  and  they  converge  at  the  base  to  the  pedicel  and 
also  toward  the  end  of  the  scale  (Jlicropterj'x),  or  end  in  a  single 
process  beyond  the  middle  (the  hrass-colored  scales  of  Plu.aia  chn/^itis). 

The  arrangement  of  the  scales  on  the  wings  is,  in  the  generalized 
moths,  irregidar;  in  the  more  specialized  forms  they  are  arranged 
in  bands  forming  groups,  and  in  the  most  specialized  Lepidoptera 
they  are  more  thickly  crowded,  overlajjping  each  other  and  inserted 
in  regular  rows  crossing  the  wings,  these  rows  either  uniting  with 
each  other  or  runningparallel,  (Spuler.)  The  scattered  irregular 
arrangement  seen  in  Microjiteryx  is  also  characteristic  of  the  Tri- 
choptera  and  of  Amphientomum. 

Development  of  the  scales.  — The  mode  of  origin  of  the  scales  was 
first  worked  out  by  Semper  in  1886,  who  stated  that  in  the  wing  of 
the  pupal  Sphinx  and  Satumia  they  are  seen,  in  sections,  to  arise 


Fto.  243.  —  Pordnn  of  »  kinirltiidluiU  socUon  Fra.  M4.  —  Portion  of  « longliurHiMl 

iiuueh  one  of  the  voune  nuiMl  winw  of »  sum-       lecUon  thn.ueh  one  wall  iinl.v  of  tha 

lie ;       tmpal  w)np  nf  h  imeclmen  tllphtly  itlitvr 

p.  c.  tiyimdonni»-«ll». 

from  large  roundish  cells  just  under  the  hypodermis  and  which 
have  a  projection  which  passes  out  between  the  hypodermis  (his 
"epidermis  ")  cells,  expanding  into  a  more  or  less  spherical  vesicle, 
the    latter  being  the   first   indication   of    the   future   scale.      He 


196 


TEXT-BOOK  OF  EyTOMOLOGY 


observed  that  the  scales  are  not  all  formed  at  once,  but  arise  one 
after  another,  so  that  on  one  and  the  same  wing  the  scales  are  in 
different  stages  of  development. 

More  recently  Sehaeffer  has  stated  that  the  scales  and  also  the 
hairs  are  e  vagi  nations  of  greatly  enlarged  hypoderrais  cells,  and  still 
more  complete  evidence  has  been  afforded  by  A.  G.  Mayer  (1896). 
In  the  wings  of  Lepidoptera,  about  three  weeks  before  the  imago 
emerges,  certain  of  the  hypodermis  cells,  which  occur  at  regular  inter- 
vals, begin  to  increase  in  size  and  to  project  slightly  above  the  level  of 
the  hypodermis  ;  these  are  Semper's  *^  formative  cells,"  and  are  des- 
tined to  secrete  the  scales.  They  increase  in  length,  and  appear  as 
in  Fig.  223.     In  the  next  stage  observed,  the  projections  are  much 

longer  (Fig.  224).  The  hypodermis 
is  now  thrown  up  into  a  regular 
series  of  ridges,  which  run  across 
the  wing.  Each  ridge,  says  Mayer, 
corresponds  in  position  with  a  row 
of  formative  cells,  and  each  furrow 
with  the  interval  between  two  ad- 
jacent rows.  The  scales  always 
project  from  the  tops  of  these 
ridges.  The  ground  or  basal  mem- 
brane has  not  participated  in  this 
folding,  and  the  dee})  processes  of 
the  hypodermis  (pre)  that  once 
extended  to  this  membrane  have 
largely  disappeared.  Figure  225 
represents  a  more  advanced  stage 
almost  eight  days  before  the  emer- 
gence of  the  imago. 
The  scales  are  originally  filled  with  protoplasm,  which  gradually 
withdraws,  leaving  behind  it  little  chitinous  bars  or  pillars  which 
serve  to  bind  together  the  u])i)er  and  lower  surfaces  of  the  scales, 
and  linallv  the  scales  become  "  merelv  little  flattened  hollow  sacs 
containing  only  air."  As  Mayer  shows  (Figs.  226,  227),  from  the 
study  of  scales  examined  four  days  before  emergence  of  the  butterfly 
(Danais),  "  the  striations  upon  the  upper  surface  of  the  scale  are 
due  to  a  series  of  parallel  longitudinal  ridges,"  while  the  under  side 
is  usually  smooth. 

The  mode  of  insertion  is  seen  in  Fig.  227.  The  narrow  cylindri- 
cal pedicel  of  the  scale  is  merely,  according  to  Semi)er,  inserted  into 
a  minute  close-fitting  socket,  which  perforates  the  wing-membrane, 


Fio.  225.  —  Portion  of  a  lonifitndinal  section 
throiiirh  a  pupal  wlnj;  nl)(>ut  ol^^ht  days  before 
ernei'goncc :  «,  formative  scale-cell ;  upju'r  /»,  a 
scale. 
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and  not  int»  a  tube,  as  Landois  supposed.  Spuler  describes  a  sort 
of  double  sac  structure  ot  follicle  (Sdiuppenba/ij)  which  receives  the 
hollow  pedicel  of  the  scale.  This  was  originally  (1860)  observed  by 
F.  J.  Carl  Mayer,  but  more  fully  examined  by  Spuler  (Fig.  228) 
though  not  detected  by  A,  G.  Mayer. 

Spinulea,    hoir-acalea,    luir-fields,    and    ondroconia.  —  Besides  the 
scales,  fine  spinules  occur  on  the  thickened  veins  of  the  wings  of 
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the  Blatttdie,  where  they  resemble  fir-cones;  also  in  the  Perlidae,  in 
the  Trichoptera,  and  in  the  more  generalizeil  Lepidoptera  (Microi> 
terj^d<e  and  Hepialidje),  oncur,  as  indicated  by  Spuler,  delicate 
cbitinous  hollow  spinules  scarcely  one-tenth  as  long  as,  and  more 
numerous  than,  the  scales,  which  sometimes  form  what  he  calls 
"Haftfelds,"  or  holding  areas.  These  spinules  have  also  been 
noticed  by  Kellogg,  and  by  myself  in  Micropteryx ;  Kellogg,  and 
also   Spuler,  have  observed   them    in    certain  Trichoptera  (Hydro- 
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psyche).     These  also  occur  on  the  veins,  and  detached  ones  near 
large  one-jointed  hairs,  or  haiv-scales,  said   by  Kellogg  to  be  stri- 
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ated.     Kellogg  lias  detected  these  scale-hairs,  as  he  calls  them,  in 
Panorpa. 

The  "hair-scales"  of  the  phylogenetically  older  Trichoptera  cor- 
respond to  certain  scales  of  Lepidoptei'a,  especially  the  Psychidfe 
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fSpuIer),   variously   called   "plumules"   (Deschainps),   "battledore 
scales,"  also  certain  minute  cylindrical  hairs.     To  these  scent-scales 
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is  applied  the  term  aiuh-oconia.  Tliey  are  found,  almost  without 
exception,  on  the  upper  side  of  the  fore  wings,  occurring  in  limited 
areas,  such  as  the  discal  spots,  or  on  folds  of  the  wings,  Fritz 
MilUer  has  shown  that  they  function  as  scent-scales,  and  are  con- 
fined to  the  males.  Kellogg  has  detected  androconia-Iike  scales  on 
the  wings  of  a  caddis-fly,  Mt/siacides  punctata  (Fig.  229). 

Thomas  has  proved  by  sections  of  the  wing  of  Danais,  etc.,  that 
the  androconia  arise  fi-om  glands  situated  in  a  fold  of  the  wing 
(Fig.  230),  and  he  states  , 

that  the  material  elabo- 
rated by  the  local  glands, 
and  distributed  upon  the 
surface  of  the  wing  by    , 
the    androconia,  is  that 
which  gives  to  many  of 
the    Lepidoptera    their 
characteristic  odor.     On 
comparing        these 
"glands,"  it  is  evident 
that  they  are  groups  of 
sjiecialized       formative 
ceils  of  Semper  (triclio- 
gens),  which  secrete  an  otlorous  fluid,  Issuing  ])erlia]>s  from  extremely 
fine  jKire-canals  at   the  ends  of  the  andi'oeonia.     They  thus  corre- 
spond to  tlie  glandular  hairs,  poison-hairs,  and  spines  of  caterpi Hal's, 
the  formative  cells  of  which  contain  either  a  clear  lyuiph  or  poison. 
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THE   COLORS   OF  INSECTS 

The  colors  and  bright  markings  of  insects,  especially  those  of 
butterflies,  render  them  the  most  brilliant  and  beautiful  creatures 
in  existence,  rivalling  and  even  excelling  the  gay  hues  of  our  most 
splendidly  colored  birds.  The  subject  has  been  but  recently  taken 
up  and  is  in  a  somewhat  crude  condition,  but  the  leading  features 
have  been  roughly  sketched  out  by  the  work  of  a  few  observers  from 
a  physical,  chemical,  and  biological  point  of  view. 

The  colors  of  insects,  as  of  all  other  animals,  are  primarily  duq  to 
the  action  of  light  and  air;  other  factors  are,  as  Hagen  observes, 
heat  and  cold,  moisture  and  dryness,  as  recently  shown  by  the  ex- 
periments on  butterflies  by  Dorfmeister,  Weismann,  W.  11.  Edward.s, 
and  later  observers.  They  have  their  seat  in  the  integument. 
Hageii  divides  Colors  into  optical  and  natural. 

Optical  colors.  —  "These,"  says  Hagen,  "are  produced  by  the  inter- 
ference of  light,  and  are  by  no  means  rare  among  insects,  but  they 
are  solely  optical  phenomena.  Colors  by  the  interference  of  light 
are  produced  in  two  different  ways:  either  by  thin  sui)erposed 
lamellae,  or  by  many  very  fine  lines  or  small  impressions  in  very 
close  juxtaposition. 

"1.  There  must  be  present  at  least  two  superposed  lamellae  to  pro- 
duce colors  by  interference.  The  naked  wings  of  Diptera,  of  dragon- 
flies,  and  of  certain  Neuroptera  often  show  beautiful  interference 
colors.  The  wings  of  Chrysopa  and  Agrion  show  interference  colors 
only  for  a  certain  time,  viz.,  as  long  as  the  membranes  of  the  wings 
are  soft  and  not  firmly  glued  together.  Afterwards  such  wings  be- 
come simply  hyaline. 
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*»The  scales  of  Eiitimus  and  other  Curculionidae  are  well  known  for  their 
brilliancy,  and  it  is  interesting  to  remark  that  when  dry  scales  are  examined  with 
the  microscope,  many  are  found  partly  injured,  which  give  in  different  places 
different  colors,  according  to  the  number  of  layers  which  remain.  The  elytra 
of  some  Chrysomelina  and  other  beetles  with  iridescent  colora  probably  belong 
to  the  same  category. 

"2.  When  there  are  scales  with  many  fine  lines  or  small  impres- 
sions close  to  each  other,  we  have  the  second  mode  of  producing 
colors. 

"The  fine  longitudinal  and  transversal  lines  of  lepidopterous 
scales  seem  to  serve  admirably  well  to  produce  the  brilliant  effect 
of  color-changing  butterflies.  But  there  must  be  something  more 
present,  as  most  of  the  scales  of  Lepidoptera  are  provided  with 
similarly  fine  lines,  and  only  comparatively  few  species  change 
colors.  I  remark  purposely  that  the  lines  in  the  color-changing 
scales  are  not  in  nearer  juxtaposition."     (Hagen.) 

**The  colors  of  butterflies  change  mostly  from  purple  to  blue,  sometimes  to 
yellow.  The  splendid  violet  color  at  the  end  of  the  wings  of  Callosune  tone  is 
l)rought  out  by  a  combination  of  the  natural  with  interference  colors.  Origi- 
nally the  scales  are  colored  lake-red  ;  but  a  blue  interference  color  is  mixed  with 
it ;  hence  the  violet  hue  results.  The  blue  tones,  i.e.  the  splendid  varying  blue 
of  the  Morpho  butterflies,  Schatz  claims,  owe  their  hue  less  to  the  interference 
of  light  than  to  a  clouded  layer  of  scales  situated  over  the  dark  ground,  through 
which  the  light  becomes  reflected  on  the  same.  The  scales  of  the  Morphids  are 
in  reality  brown,  as  we  see  by  transmitted  light ;  moreover,  only  the  upper  side 
of  the  scales  sends  off  blue  reflections  —  the  under  side  is  simply  brown.  But 
the  blue  scales  of  Urvilliana  are  also  shining  blue  beneath ;  by  transmitted 
light  they  api>ear  as  if  clear  yellow.  The  smaragd-green  scales  of  Prianms 
show  by  transmitted  light  a  bright  red-orange,  and  the  orange-yellow  of  Croesus 
a  deep  grass-green."     (Schatz  in  Kolbe.) 

**  Krukenberg  presumes  the  golden-green  color  of  Carahns  auratns  to  be  an 
interference  color.  It  is  not  changed  by  the  interference  of  light,  nor  was  he 
able  to  extract  from  the  elytra  any  green  pigment  with  ether,  benzol,  carbon 
of  sulphur,  chloroform,  or  alcohol,  even  after  having  previously  submitted  the 
elytra  to  the  influence  of  muriatic  acid  or  ammonia.  Chlorophyll  is  not  present, 
whether  free  or  combined  with  an  acid."     (Hagen.) 

Leydig  has  shown  that  the  interference  colors  of  the  hairs  of  certain  worms 
(Aphrodite  and  Eunice)  may  be  produced  by  very  small  impressions  in  juxta- 
position, which  bring  about  the  same  effect  as  strite.  Such  an  arrangement 
occurs  on  the  feathers  of  birdn,  i.e.  on  the  necks  of  pigeons  and  elsewhere,  and 
Hagen  suggests  that  this  kind  of  interference  colors  occurs  more  frequently 
among  insects  than  is  commonly  known.  At  least  the  limbs  of  certain  forms 
ap])ear  yellow,  but  when  held  in  a  certain  position  change  to  brown  or  blackish. 
^*I  know  of  no  other  explanation  of  this  not  uncommon  fact  on  the  legs  of 
Diptera,  of  Hymenoptera,  and  of  Phryganidie."  Interference  colors,  he  adds, 
may  occur  in  the  same  place  together  with  natural  colors.  **  The  mirror  spots 
of  Saturnia  pernyi  show  besides  the  interference  colors  a  white  substance  in  the 
cells  of  the  matrix,  which  Leydig  believes  to  be  guanin.  But  this  fact  is  denied 
by  Krukenberg  for  the  same  species  and  also  for  Attacns  mylitta  and  Plusia 
cArysrti>." 
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Natural  colors.  —  These  are  divided  by  Hagen  into  dermal  (cuticu- 
lar)  and  hypodermal.  The  dermal  colors  are  due  to  pigment  de- 
posited in  the  form  of  very  small  nuclei  in  the  cuticula.  Hagen 
considers  them  as  "  produced  mostly  by  oxidation  or  carbonization, 
in  consequence  of  a  chemical  process  originating  and  accompanying 
the  development  and  the  transformations  of  insects." 

**To  a  certain  extent  the  dermal  colors  may  have  been  derived  from  hypo- 
dermal  colors,  as  the  cuticula  is  secreted  by  the  hypodermis,  and  the  colors 
may  have  been  changed  by  oxidation  and  air-tight  seclusion.  The  cuticula  is  in 
certain  cases  entirely  colorless,  —  so  in  the  green  caterpillar  of  Sphinx  ocellata ; 
but  the  intensely  red  and  black  spots  of  the  caterpillar  of  Papilio  machaon  be- 
long to  the  cuticula,  and  only  the  main  yellow  color  of  the  body  to  the  hypo- 
dermis.''     (I^ydig,  Histiol.,  p.  114.) 

"The  dermal  colors  are  red,  brown,  black,  and  all  intermediate 
shades,  and  all  metallic  colors,  blue,  green,  bronze,  copper,  silver, 
and  gold.  The  dermal  colors  are  easily  to  be  recognized  as  such, 
because  they  are  persistent,  never  becoming  obliterated  or  changed 
after  death."     (Hagen.) 

Minot  and  Burgess  refer  to  the  cuticular  colors  of  the  cotton- worm  (Aletia), 
the  dark  brown  color  belonging  to  the  cuticula  or  crust.  **  Upon  the  outside  of 
the  crust  is  a  very  thin  but  distinct  layer,  which  in  certain  parts  rises  up  into  a 
great  number  of  minute,  pointed  spines  that  look  like  so  many  dots  in  a  surface 
view.  Each  spine  is  pigmented  diffusely,  and  together  they  produce  the  brown 
markings.  The  spines  are  clustered  in  little  groups,  one  group  over  each  under- 
lying hypodermal  cell."  (U.  S.  Ent.  Comm.,  4th  Report,  p.  4(5.)  Minot  also 
shows  that  in  caterpillars  generally  a  part  of  the  coloration  is  caused  by  pig- 
mentation of  the  cuticula. 

In  a  dull-colored  insect,  such  as  the  Mormon  cricket  (Anabrus),  the  colora- 
tion, as  Minot  states,  depends  principally  upon  the  pigment  of  the  hypodermis 
shining  through  the  cuticula.  **  Most  of  the  cells  contain  dull,  reddish-brown 
granules,  but  scattered  in  among  them  are  patches  of  cells  bright  green  in 
color.  I  have  observed  no  cells  intermediate  in  color ;  on  the  contrary,  the 
passage  is  abrupt,  a  brown  or  red  cell  lying  next  a  green  one.  Indeed,  I  have 
never  seen  any  microscopic  object  more  bizarre  than  a  piece  of  the  epidermis  of 
Anabrus  spread  out  and  viewed  from  the  surface."  (2d  Report  U.  S.  Ent. 
Comm.,  p.  189.) 

The  pigment  may  extend  through  the  entire  cuticula,  but  it  is 
usually  confined  to  the  outermost  layers,  and  occurs  there  in  union 
with  a  peculiar  modelling  of  the  ujrper  surface  into  microscopic  fig- 
ures which  are  of  interest  not  only  from  their  delicacy,  but  because 
they  vary  with  each  species.     (See  p.  184.) 

The  hypodermal  colors,  situated  in  the  hypodermis,  are,  according 
to  Hagen,  the  result  of  a  chemical  process,  generating  color  out  of 
substances  contained  in  the  body.     They  are  easily  recognized,  since 
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tliey  fade,  change,  and  disappear  after  death.  But  where  these 
colors  are  preserved  after  death  and  enclosed  in  air-tight  sacs,  as  in 
the  elytra  and  scales  and  hairs  of  the  body,  they  persist,  though,  as 
we  well  know,  they  may  fade  after  exposure  to  light. 

The  hypodermal  colors  are  mostly  brighter  and  lighter  than  the 
dermal  ones,  being  light  blue  or  green  in  different  shades,  yellow  to 
orange,  and  the  numerous  shades  of  these  colors  combined  with 
white ;  exceptionally  they  are  metallic,  as  in  Cassida,  and  are  then 
obliterated  after  death. 

**  The  fact  that  such  metallic  colors  can  be  retained  in  dead  specimens  by 
putting  a  drop  of  glycerine  Under  the  elytra,  leads  us  to  conclude  that  those 
colors  are  based  upon  fat  substances.  The  hypodermal  colors  are  never  glossy, 
as  far  as  I  know ;  the  dermal  colors  frequently. 

''^s  the  wings,  elytra,  and  hairs  all  possess  a  cuticula,  dermal  colors  are  fre- 
quently to  be  found,  together  with  hypodermal  ones,  chiefly  in  metallic  colors. 
In  the  same  place  both  colors  may  be  present,  or  one  of  them  alone.  So  we 
find  hypodermal  colors  in  the  elytra  of  Lampyridse.  In  the  elytra  of  the 
Cicindelldae  the  main  metallic  color  is  dermal,  the  white  lines  or  spots  are  hypo- 
dermal, by  which  arrangement  the  variability  in  size  and  shape  of  those  spote  Is 
explained. 

*^  There  occur  in  a  number  of  insects  external  colors,  that  is,  colors  upon  the 
cuticula,  which  I  consider  to  be  in  fact  displaced  hypodermal  colors :  the  mealy 
pale  blue  or  white  upon  the  abdomen  of  some  Odonata,  the  white  on  many 
Hemiptera,  the  pale  gray  on  the  elytra  and  on  the  thorax  of  the  Goliath  beetle, 
and  the  yellowish  powder  on  Lixus.  Some  of  these  colors  dissolve  easily  by 
ether  or  melt  in  heat,  and  some  of  them  are  a  kind  of  wax.  I  believe  that  those 
colors  are  produced  in  the  hypodemiis,  and  are  exuded  through  the  pore-canals.^* 
(Hagen.) 

The  white  colors  are  simply  for  the  most  part  due  to  the  inclusion 
of  air  in  scales.  The  white  mother-of-pearl  spots  of  Argynnis  are 
produced  by  a  system  of  fine  transverse  pore-canals  filled  with  air ;  in 
Hydrometra  the  white  ventral  marks  have  the  same  origin.    (Leydig.) 

The  further  statements  and  criticisms  of  Hagen  regarding  the 
relation  of  color  to  mimicry,  sexual  selection,  and  the  origin  of  pat- 
terns are  of  much  weight  and  will  be  referred  to  under  those  heads. 
Indeed,  these  subjects  cannot  well  be  discussed  without  reference  to 
the  fundamental  facts  stated  in  the  masterly  papers  of  Leydig  and 
of  Hagen,  and  much  of  the  theorizing  of  these  latter  days  is  ill- 
founded,  because  the  colors  of  insects  and  animals  are  attributed  to 
natural  selection,  when  they  seem  really  the  result  of  the  action  of 
the  primary  factors  of  organic  evolution,  such  as  changes  of  light, 
heat,  cold,  and  chemical  processes  dependent  on  the  former. 

As  to  the  chemical  nature  of  color,  Hagen,  after  quoting  the  results 
of  Krukenberg  and  others,  thinks  that  the  colors  of  insects  are 
chemically  produced  by  a  combination  of  fats  or  fat^acids  with  other 
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acids  or  alkalis  under  the  influeiice  of  air,  light,  and  heat.     He  con- 
cludes :  — 

1.  That  some  colors  of  insects  can  be  changed  or  obliterated  by 
acids. 

2.  That  two  natural  colors,  madder-lake  and  indigo,  can  be  pro- 
duced artificially  by  the  influence  of  acid  on  fat-bodies. 

3.  As  protein  bodies  in  insects  are  changed  into  fat-bodies,  and 
may  be  changed  by  acids  contained  in  insects  into  fat-acids,  the  for- 
mation of  colors  in  the  same  manner  seems  probable. 

4.  That  colors  can  be  changed  by  different  temperatures. 

5.  That  the  pattern  is  originated  probably  by  a  combination  of 
oxygen  with  the  integument. 

6.  That  mimicry  of  the  hypodermal  colors  may  be  effected  by  a 
kind  of  photographic  process. 

7.  Finally,  color  and  pattern  are  produced  by  physiological  pro- 
cesses in  the  interior  of  the  bodies  of  insects. 

Krukenberg  concludes  that  change  of  color  (in  peHectly  developed  insects) 
is  a  consequence  of  the  change  of  food,  and  can  be  explained  by  tiie  alteration 
of  the  pigment  through  heat  and  light.  His  experiments  were  made  in  order 
to  ascertain  tlie  cause  of  the  turning  of  green  grasshoppers  in  autumn  into  yel- 
low and  pink.  He  tried  to  answer  two  questions :  First,  does  the  pigment  of 
grasshoppers  originate  directly  out  of  tlie  food,  and  does  it  consist  of  pure 
chlorophyll  or  of  a  substance  containing  chlorophyll,  or  is  it  to  be  accepted  as 
a  peculiar  product  of  the  organism  ?  Second,  is  the  color  the  consequence  of 
only  one  pigment,  or  of  several  ?  Special  analysis  proves  that  the  green  color 
has  no  connection  with  chlorophyll.  He  concludes :  ^^  It  is  evident  that  the 
green  color  of  the  grasshopper  is  the  consequence  of  several  different  pigments 
which  can  be  separated  by  a  chemical  process. ^^  Krukenberg  believes  that  light 
has  a  marked  influence  on  the  color  of  insects  and  that  light  turns  to  red  or 
pink  the  insects  which  were  green  during  the  summer.  It  would  seem,  how- 
ever, more  probable  that  cold  was  the  agent,  the  change  being  due  to  the  colder 
autumn  weather. 

Here  we  might  refer  to  the  results  of  the  studies  of  Buckton  and  Sorby,  on 
the  changes  in  color  of  Aphides  :  — 

*'  1.  Tlie  purple  coloring  matter  appears  to  be  a  quasi-living  principle,  and 
not  a  product  of  a  subsequent  chemical  oxidizing  process.  Mounted  in  balsam 
or  other  preserving  fluids,  the  darker  species  stain  the  fluid  a  fine  violet. 

**2.  As  autumn  approaches  and  cold  weather  reduces  the  activity  of  the 
Aphides,  the  lively  greens  and  yellows  commonly  become  converted  into  ferru- 
ginous red,  and  even  dark  brown,  which  last  hue  in  reality  partakes  more  or  less 
of  intense  violet  or  purple.  These  changes  have  some  analogy  with  the  brilliant 
hues  assumed  by  maple  and  other  leaves  during  the  process  of  slow  decay. 

**3.  Aqueous  solutions  of  crushed  dark  brown  and  yellow-gieen  varieties  of 
Aphides  originate  different  colors  with  acids  and  alkalies. 

'*4.  In  the  generality  of  cases  coloring-matters,  such  as  indigo,  Indian  yel- 
low, madder-lake,  and  tlie  like,  do  not  separately  exist  in  the  substance  of  vege- 
tables, but  the  pigments  are  disengaged  through  fermentation  or  oxygenation. 
Again,  alizarin  itself  is  reddish  yellow,  but  alkaline  solutions  strike  it  a  rich 
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violet  just  as  we  find  them  to  act  towards  the  substance  which  Mr.  Sorby  calls 
aphid  ilutein. 

**6.  Mr.  Sorby 's  four  stages  of  the  changes  effected  by  the  oxidation  of 
aphideine  produce  four  different  substances/^ 

Chemical  and  physical  nature  of  the  pigment.  —  Researches  in  this 
difficult  field  of  inquiry  have  been  made  by  Landois  (1864),  Sorby 
(1871),  Meldola  (1871),  by  Krukenberg  (1884),  and  more  recently 
by  Coste,  Urech,  Hopkins,  and  Mayer,  and  the  subject  is  of  fundar 
mental  importance  in  dealing  with  mimicry  and  protective  colora- 
tion, the  primary  causes  of  which  appear  to  be  due  to  the  action  of 
physical  and  chemical  agents. 

Over  twenty  years  ago  Meldola  observed  that  the  yellow  pigment 
of  the  sulphur-yellow  butterfly  (Gonopteryx  rhamni)  was  soluble  in 
water,  and  showed  that  its  aqueous  solution  had  an  acid  reaction. 

Besides  the  yellow  uranidin  found  by  Krukenberg  in  different  beetles  and 
lepidopterous  pupae,  still  other  coloring-matters,  which  are  very  constant  in  dif- 
ferent species  are  readily  recognized  by  the  spectroscope.  **Thus  there  appear 
in  the  brownish  yellow  lymph  of  Attacus  pernyi,  CaUosamia  promethea  and 
Telea  polyphemtts,  after  saponification  of  the  precipitated  soap  readily  effected 
by  ether,  or  incompletely  or  not  removed  by  benzine,  a  chlorophane-like  lipo- 
chrome  ;  and  in  the  yellowish  green  lymph  of  Saturnia  pyri  and  of  Platysamia 
cec.ropia  besides  this  pigment  still  another  whose  spectrum  shows  a  broad  band 
on  D,  but  which  disappears  with  the  addition  of  acetic  acid  or  ammonia,  as  also 
after  a  long  heating  of  the  lymph  up  to  06°  C." 

Coste,  and  more  especially  Urech,  have  shown  that  many  of  the 
pigments  may  be  dissolved  out  of  the  scales  by  means  of  chemical 
reagents,  giving  colored  solutions,  and  leaving  the  scales  white  or 
colorless.  They  have  also  shown  that  some  of  these  pigments  may 
be  changed  in  color  by  the  action  of  reagents,  and  then  restored  to 
their  original  color  by  other  reagents.  They  have  pi^oved  that  reds, 
yellows,  browns,  and  blacks  are  always  due  to  pigments,  and  in  a 
few  cases  greens,  blues,  violets,  purples,  and  whites,  and  not,  as  is 
usually  the  case,  to  structural  conditions,  such  as  striae  on  the  scales 
(Mayer).  They  confined  themselves  solely  to  the  chemical  side  of 
the  problem,  not  considering  the  structure  of  the  scales  themselves. 

Urech  has  also  discovered  a  beautiful  smaragd-green  coloring- 
matter  in  the  wings  (not  in  the  scales)  of  the  pupa  of  Pierin 
hrassicvf^.  It  is  not  chlorophyll,  and  Urech  suggests  that  it  may  be 
either  the  germinal  substance  of  the  pigments  of  the  scales  or  its 
bearer.     It  is  not  the  pigment  of  the  blood. 

Urech  has  also  demonstrated  that  in  many  Lepidoptera  the  color 
of  the  urine  wiiicli  is  voided  upon  emergence  from  the  chr^'salis  is 
similar  to  the  principal  color  of  the  scales. 
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Hopkins  has  worked  on  the  pigments  within  the  scaler  of  butterflies.  The 
yellow  pigment  in  Gonopteryx  rhamni  is  a  derivation  of  uric  acid,  and  he  calls 
it  lepidotic  acid.  Its  aqueous  solution  is  strongly  acid  to  litmus,  and  must  be 
bad-tasting  to  birds. 

Hopkins  has  dissolved  the  red  pigment  from  the  border  of  the  hind  wing  of 
Delias  eucharis,  an  Indian  butterfly,  in  pure  water,  finding  as  the  result  a  yel- 
low solution  ;  but  if  the  solution  be  evaporated  to  dryness,  the  solid  residue  of 
pigment  is  red  once  more.  He  has  obtained  from  this  pigment  of  eucharis  a 
silver  compound  which  contains  a  percentage  of  metals  exactly  equal  to  that 
from  the  pigment  of  G.  rhamnU    (Nature,  April  2,  1892.) 

''The  scales  of  the  wings  of  the  white  butterflies  (Pieridse)  are  also  shown 
by  Hopkins  to  contain  uric  acid,  this  substance  practically  acting  as  a  white 
pigment  in  these  insects.  A  yellow  pigment,  widely  distributed  in  the  same 
family,  is  shown  to  be  a  derivative  of  uric  acid,  and  its  artificial  production 
as  a  by-product  of  the  hydrolysis  of  uric  acid  is  demonstrated.  That  this  yellow 
pigment  is  an  ordinary  excretory  product  of  the  butterfly  is  indicated  by  the 
fact  that  an  identical  substance  is  voided  from  the  rectum  on  emergence  from 
the  pupa.  These  excretory  pigments,  which  have  well-marked  reactions,  are 
apparently  confined  to  tlie  Pieridse,  and  are  not  found  in  other  liliopalocera. 
This  fact  shows  that  when  a  Pierid  mimics  an  insect  belonging  to  another  group, 
the  pigments  of  the  mimicked  and  mimicking  insects,  respectively,  are  chemi- 
cally quite  distinct.  Other  pigments  existing,  not  in  the  scales,  but  between  the 
wing-membranes,  are  shown  to  be  of  use  for  ornament.'*  (Proc.  Royal  Soc, 
London,  1894.) 

Griffiths  (1892)  claims  that  the  green  pigment  found  in  several  species  of 
Papilio,  Hesperia,  <and  Linienitis,  also  in  Noctuidie,  Geometridse,  and  Sphingidse 
likewise  consists  of  a  derivative  of  uric  acid,  which  he  calls  lepidopteric  acid. 
By  prolonged  boiling  in  HCl  it  is  converted  into  uric  acid. 

Spuler,  however,  finds  that  green  does  not  depend  on  pigmentation,  but  is  an 
optical  color.  As  remarked  by  Spuler,  either  the  chitin  of  the  scales  itself  is 
colored  reddish  (yellow  grayish),  or  the  pigment  is  secreted  in  the  nuclei. 

A.  G.  Mayer  believes  tliat  the  pigments  of  the  scales  are  derived 
from  the  haBraolymph  or  blood  of  the  pupa,  for  the  following 
reasons :  (1)  He  is  unable  to  find  anything  but  blood  within 
the  scales  during  the  time  when  the  pigment  is  formed.  (2)  In 
Lepidoptera  generally  the  first  color  to  appear  upon  the  pupal 
wings  is  a  dull  ochre-yellow,  or  drab,  and  this  is  also  the  color 
assumed  by  the  blood  when  it  is  removed  from  the  pupa  and  ex- 
posed to  the  air.  (3)  He  has  succeeded  by  artificial  means  in  manu- 
facturing several  pigments  from  the  blood  which  are  similar  in 
color  to  various  markings  upon  the  wing  of  the  imago ;  chemical 
reagents  have  the  same  effect  upon  these  manufactured  pigments 
that  they  do  upon  the  similarly  colored  pigments  of  the  wings.  "  It 
should  be  here  noted,"  he  says,  "  that  in  1866  Landois  pointed  out 
the  fact  that  the  color  of  the  dried  blood  of  many  caterpillars  is 
similar  to  the  ground  color  of  the  wings  of  the  mature  insect." 

Ontogenetic  and  phylogenetlc  development  of  colors. — The  colors  of 
the  wings  of  Lepidoptera,  as  is  well  known,  are  acquired  at  the  end 
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of  the  pupal  state.  The  order  of  development  of  the  colors  lu  the 
pupal  wings  has  been  observed  by  Schaeffer,  Van  Bemiuelen,  Urech, 
Haase,  Dixey,  Spuler,  and  A.  G.  Mayer.  The  immature  wings  are 
at  first  transparent  and  full  of  protoplasm.  The  transparent  con- 
dition of  the  wings  corresponds  to  the  period  before  the  scales  are 
formed,  and  w^hen  they  are  full  of  protoplasm;  they  then  become 
whitish  as  the  scales  develop ;  the  latter  are  at  first  filled  with  pro- 
t(jj)lasm,  and  afterwards  turn  whitish,  being  little  hollow  sacks  tilled 
with  air.  After  the  protoplasm  has  completely  withdrawn  from  the 
scales,  the  blood  of  the  pupa  enters  them,  and  then  the  coloring- 
matter  forms.  (Mayer.)  He  adds  that  *' about  twenty-four  hours 
after  the  api>earance  of  the  dull  yellow  suffusion  the  mature  colors 
begin  to  show  themselves.  They  arise,  faint  at  first,  in  places  near 
the  centre  of  the  wings,  and  are  distinguished  by  the  fact  that  the}' 
first  appear  upon  areas  l^etween  the  nervures,  never  upon  the 
nerviires  themselves.  Indeed,  the  last  plac*e  to  acquire  the  mature 
coloration  are  the  outer  and  costal  edges  of  the  wings,  and  the 
nervures." 

The  faint  color  of  the  scales  gradually  increases  in  intensity. 
**  For  example,  if  a  scale  be  destined  to  become  black,  it  first  becomes 
pale  grayish  brown,  and  this  color  gradually  deepens  into  black." 

Urech  states  that  in  VaneHna  io  first  a  white,  and  in  V.  m-ticw  a 
j)ale  reddish  hue,  are  spread  over  the  entire  wings,  and  then  suc- 
cessively arise  other  colors  in  the  following  order:  yellow,  yellow 
to  brown,  red,  brown  and  black. 

Spuler,  however,  claims  that  the  differentiation  of  colors  and 
markings  do  not  follow  one  another,  but  arise  simultaneously,  and 
that  his  view  is  confirmed  by  Fischer.  This  may  be  the  case  with 
the  highly  specialized  and  diversely  marked  butterflies,  but  certainly 
taking  the  Lepidoptera  as  a  whole  the  yellows  and  drabs  must  have 
been  the  primitive  hues,  the  other  colors  being  gradually  added  in 
the  lat(ir  more  specialized  forms. 

It  is  noticeable  that  the  most  generalized  moths,  such  as  the  species 
of  Micropteryx,  Tinea,  Psychidie,  Hepialidae  (in  general),  etc.,  are  dull 
brown  or  yellow-drab  without  bars,  stripes,  or  spots  of  bright  hues. 
These  shades  prevail  in  others  of  the  more  primitive  Lepidoptera, 
such  as  many  bombycine  moths,  and  they  even  appear  to  a  slight  ex- 
tent in  certain  caddis-flies.  The  authors  mentioned,  especially  Mayer, 
whom  we  quote,  claim  that  "  dull  ochre-yellows  and  drabs  are,  phy- 
logenetically  speaking,  the  oldest  pigmental  colors  in  the  Lepidoj)- 
tera;  for  these  are  the  colors  that  are  assumed  by  the  haemolymph 
upon  mere  exposure  to  the  air.     The  more  brilliant  pigmental  colors, 
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such  as  bright  yellow,  reds,  greens,  etc.,  are  derived  by  more  complex 
chemical  processes.  We  find  that  dull  ochre-yellow  and  drabs  are 
at  the  present  day  the  prevalent  colors  among  the  less  differentiated 
nocturaal  moths.  The  diurnal  forms  of  Lepidoptera  have  almost  a 
monopoly  of  the  brilliant  colorations,  but  even  in  these  diurnal 
forms  one  finds  that  dull  yellow  or  drab  colors  are  still  quite  com- 
mon upon  those  parts  of  their  wings  that  are  hidden  from  view." 

The  more  primitive  moths  being  more  or  less  uniformly  yellowish 
or  drab,  the  next  step  was  the  formation  of  bars,  stripes,  finally  spots, 
and  eyed  spots,  these  markings  in  the  later  forms  appearing  simul- 
taneously in  one  and  the  same  species  of  certain  highly  specialized 
moths  and  butterflies.  All  that  has  been  said  will  prepare  the 
reader  for  the  consideration  of  the  subject  of  insect  coloration. 
The  origin  of  .such  markings  has  been  discussed  by  Weismann, 
Eimer,  Haase,  Dixey,  Fischer,  and  others. 
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2.    INTERNAL   ANATOMY 
THE  MUSCULAR   SYSTEM 

In  its  general  arrangement  the  muscular  system  of  insects  corre- 
sponds to  the  segmented  structure  of  the  body.  Of  the  muscles 
belonging  to  a  single  segment,  some  extend  from  the  front  edge  of 
one  segment  to  that  of  the  next  behind  it,  and  others  to  the  hinder 
edge ;  there  are  also  sets  of  dorsal  and  ventral  muscles  passing  in  an 
oblique  or  vertical  course  (Figs.  16-18).  As  Lang  observes,  "the 
greater  part  of  the  muscles  of  the  body  can  be  traced  back  to  a  paired 
system  of  dorsal  and  ventral  intersegmental  longitudinal  muscles." 
The  muscular  system  is  simplest  in  larval  insects,  such  as  caterpillars, 
where  the  musculature  is  serially  repeated  in  each  segment. 

In  the  larva  of  Cossus  Lyonet  found  on  one  side  of  the  bodv  217 
dorsal,  154  lateral,  309  ventral,  and  in  the  thoracic  legs  63,  or  803 
muscles  in  all.  "  Adding  to  this  number  the  12  small  muscles  of  the 
second  segment,  and  8  others  of  the  third,  which  he  did  not  describe, 
there  would  be  for  all  the  muscles  on  one  side  of  the  caterpillar  823. 
This  would  make  for  the  entire  body  1(>46,  without  counting  a 
small  single  muscle  which  occurs  in  the  subdivision  of  the  last  seg- 
ment," and  also  those  of  the  internal  organs  as  well  as  those  of  the 
head,  so  that  the  total  number  probably  amounts  to  about  2000,  not 
3000,  as  usually  stated  in  the  books.  Lubbock  admits  that  Lyonet 
was  right  in  his  mode  of  estimating  the  number.  In  the  larva  of 
Pt/gcera  bucephala  he  found  that  **  the  large  muscles  scarcely  vary  at 
all,"  though  certain  smaller  ones  are  very  variable.  Lubbock  ob- 
served that  certain  of  the  longitudinal  muscles  in  the  caterpillar  of 
Diloba  split  up  into  numerous,  not  less  than  ten,  separate  fascicles. 
"This  separation  of  the  fibres  composing  a  muscle  into  separate  fas- 
cicles is  carried  on  to  a  much  greater  extent  in  the  larvae  of  Coleop- 
tera.  Of  course  in  the  imago  the  numl)er  of  thoracic  muscles  is 
greatly  increased,  or  at  least  in  Dyticus  and  the  wood-feeding 
Lamellicorns,  which  alone  I  have  examined.  In  these  two  groui)s 
each  of  the  larger  muscles  is  represented  by  at  least  twenty  sei)arate 
fascicles,  which  makes  it  far  more  difficult  to  distinguish  the  ar- 
rangement of  the  muscles." 

The  muscles  are  whitish  or  colorless  and  transparent,  those  in  the 
thorax  being  yellowish  or  pale  brown  ;  and  of  a  soft,  almost  gelatin- 
ous consistence.  In  form  they  are  simply  flat  and  thin,  straight, 
band-like,  or  in   rare   cases   pyramidal,   barrel   or  feather  shaped. 
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They  act  variously  as  rotators,  elevators,  depressors,  retractors,  priv- 
tractors,  flexors,  and  extensors. 

Our  knowledge  of  the  muscular  system  of  insectB  Is  still  very  imperfect.     To 
work  it  out  tlioroughly  one  should  b«^n  flrat  with  that  of  Scolopendrella,  tlien 

'   some  generalized  synapl«r-  __ 

0U8  form,  as  Japyx  or  =|-|2| 
Lepisma,  then  passing  to  fl'~^l'~S 
that  of  a  caterpillar,  and  "'■ 
ending  with  some  of  the 
more  highly  specialized 
foruis,  such  as  a  beetle, 
eW.  Thus  tar  our  know- 
ledge is  confined  to  that  of  ^-j  ~^-;.£ 
the  caterpillars  (Lyonet,  '%.i-  ^  e  ■*■ 
Sewpon,  and  I.ubbock)  "  s -E^Js 
and  the  beetle  <Strau»-  E|-=j||. 
Durcklieini]  and  anW  I^H'J 
(Forel,  Lubbock,  and  ;eS|  .5  _ 
Janetj.  "'lllls 
Musculature  of  a  catei-  ^"^  - -JZ. 
pillar.  ~  Newport's  ac-  {-S^s-el 
count  of  that  of  the  larva  £  =  ■!  =  ■  = 
of  Sphinx  ligaMri  is  the  'Jit-'gi 
most  useful  <Fig.  m).  |?Hli 
I'he  iniiscles  here  present,  S  *?  ^  r  . 
be  says,  great  uniformity  IJ-I-' 
of  size  and  distribution  in  ^^17=1 
every  segment,  the  motions  S'teTsi  ■ 
of  each  of  tliese  divisions  311110 
of  the  body  being  almost  ^I^^Ib 
precisely  similar, especially  8  ^  '- «  E 
in  the  4th  toDth  tninkseg- 
tnents.  In  these  segniems 
the    first    layer   i 


m 

removing  the  fat  anil  vis-  ^  SaT ''.'l'!^ 

cera  are   the  flat   straight  ^IslgilJ 

recti   muscles.     They  are  tl^^Eg.- 

the    most  powerful  of  all  3'^C~c-^1 

the  trunk  muscles,  and  are  s'*fc*l"'? 

those  which  are  most  eon-  S-^S  t  >.i~ 

cerned   in   shortening   the  'I'K  ■'"li 

body,  in  eSectine  the  dupli-  fi  «'■"'•'  ^ 

catureof  the  external  tegu-  ol^l'* '^^ 

ments  diirinj;  tlie  clianges  SSjJ^-c 

of  the  Insect,  and  which  z'-lZ-^"' 

during    the     larval     slate 

mainly  assist  in  locomotion.  There  are  four  sets,  two  dorsal  and  two  ventral 
(Fig.  4)1,  A,  A).  Without  emeriuK  into  farther  details,  the  reader  is  referred 
to  the  works  of  Newport  and  to  Fig.  231, 

Mnscnlatnre  of  a  beetle.  —  The  best  general  account  oC  the  musculature  of  a 
perfect  insect  is  that  of  Straus-Durckheim  in  his  famous  work  on  the  Melolontha. 
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We  will  copy  the  summary  of  Newport,  who  adopted  the  nomenclature  applied 
to  these  parts  by  Burmeister :  — 

*^The  muscles  that  connect  the  head  with  the  thorax  are  contained  within 
the  prothorax  (Fig.  232,  2),  and  are  of  three  kinds,  extensors,  flexors,  and 
retractors.  The  extensors,  levatores  capitis  (a,  a),  consist  of  two  pairs,  one  of 
which  arises  from  the  middle  line  of  the  pronotum,  and  diverging  laterally  from 
itfi  fellow  of  the  opposite  side,  passes  directly  forwards,  and  is  inserted  by  a 
narrow  tendon  into  the  anterior  superior  margin  of  the  occipital  foramen.  The 
other  arises  further  back  from  the  prophragma.  It  is  a  long,  narrow  muscle 
that  passes  directly  forwards  through  the  prothorax,  and  is  inserted  by  a  tendon 
near  the  superior  median  line  of  the  foramen  ;  so  that,  while  this  muscle  and  its 
fellow  of  the  opposite  side  elevate  the  head  almost  in  a  straight  line,  the  one  first 
described,  when  acting  alone  or  singly,  draws  the  head  a  little  on  one  side  ;  but 
when  the  whole  of  these  muscles  act  in  unison,  they  simply  elevate  the  head 
upon  the  prothorax.  The  depressors  or  flexors,  depressores  capitis  (ft),  are 
exceedingly  short  muscles,  which  arise  from  the  jugular  plate,  or,  when  that 
part  does  not  exist,  from  the  border  of  the  presternum,  and  are  attached  to  the 
inferior  margin  of  the  occipital  foramen.  They  simply  flex  the  head  on  the  pro- 
thorax. The  lateral  flexors,  depressores  externi  ((?),  are  two  little  muscles  that 
arise  from  the  same  point  as  the  preceding,  and  are  attached  to  the  lateral  inferior 
margin  of  the  occipital  foramen.  The  rotatory  muscles,  rotatores  capitis  (r), 
are  two  flat  muscles  like  the  elevators,  which  arise,  one  at  the  side  of  the  ante- 
furca  and  the  other  from  the  posterior  jugular  plate,  and  passing  upwards  and 
outwards  are  attached  to  the  lateral  margin  of  the  occipital  foramen.  'I'he 
retractor  or  flexor  of  the  jugular  plate  is  a  small  muscle  (e)  that  arises  from  the 
margin  of  the  antefurca,  and  passing  directly  forwards  is  inserted  by  a  small 
tendon  into  the  middle  of  the  jugular  piece.  The  oblique  extensor  of  the  jugular 
plate  is  a  long,  slender  muscle  (/)  that  arises  from  the  external  margin  of  the 
pronotum,  and  passing  obliquely  downwards  and  forwards  travei-ses  the  pro- 
thorax and  is  inserted  by  a  narrow  tendon  to  the  jugular  plate  immediately  before 
the  retractor.  The  other  retractor  (g)  arises  from  the  anterior  superior  bound- 
ary of  the  pronotum,  and  passing  downwards  is  inserted  into  the  jugular  i)late 
between  the  larger  levator  and /e.ror  capitis. 

**The  muscles  proper  to  the  prothorax  consist  of  four  pairs,  by  which  it  is 
united  to  the  succeeding  segments.  The  first  of  these,  the  superior  retractor, 
retractor  prothoracis  superior  (^),  arises  by  a  broad,  fleshy  head  from  the 
anterior  external  margin  of  the  pronotum,  and  passing  directly  backwards  is 
inserted  by  a  tendon  into  the  prophragma,  a  little  on  one  side  of  the  median  line. 
The  next  muscle  of  importance,  the  inferior  retractor  (i),  arises  from  the  anterior 
border  of  the  medifurca,  and  is  united  to  the  posterior  of  the  antefurca,  thus 
forming  with  that  muscle  part  of  the  great  recti  of  the  larva.  This  muscle  must 
be  considered  as  the  proper  depressor  of  the  prothorax.  The  elevator  prothoracis 
(k)  is  narrow,  pyramidal,  and  arises  fleshy  from  the  lateral  surface  of  the 
prophragma.  It  passes  downwards  and  is  attached  by  a  narrow^  tendon  to  the 
superior  portion  of  the  antefurca.  The  rotatores  prothoracis  are  the  largest  of 
all  the  muscles  of  this  segment.  They  arise,  one  on  each  side  (Z),  by  a  naiTow 
head  from  the  posterior  part  of  the  pronotum,  and  passing  beneath  the  pro- 
phragma are  considerably  enlarged  and  attached  to  the  tegument  between  the 
two  segments,  and  also  to  the  anterior  portion  of  the  mesothorax.  The  remain- 
ing muscle  proper  to  the  prothorax  is  the  closer  of  the  spiracle,  an  exceedingly 
small  muscle  not  shown  in  the  drawing. 

"  The  other  muscles  of  this  segment  are  those  of  the  legs,  which  are  of  consid- 
erable size.     There  are  three  distinct  flexors  of  the  coxa  (m,  n,  o).     The  first  of 
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these  arises  Irom  the  superior  lateral  border  of  the  proDotuni,  the  second  from 
the  superior  posterior  border,  the  third  from  the  sides  ot  the  prothorax,  and  the 
fourth  a  little  nearer  posteriorly,  and  the  whole  of  them  are  attached  by  narrow 
tendons  to  the  sides  of  the  coxa.  But  there  is  only  one  extensor  muscle  to  this 
part.  In  like  manner,  the  extensor  of  the  trochanter  is  formed  oE  three  portions 
(Fig.  ait,  a,b,e);  but  there  is  only  one  flexor  (d),  and  one  abductor  (e).  In 
the  femur,  there  is  one  extensor  (/),  g 

—  a  long  pennifonn  muscle  that  occupies 
the  superior  part  of  the  thigh,  and  is 
attached  by  a  tendon  Ui  the  anterior- 
posterior  margin  of  the  joint  formed  by 
the  end  of  the  tibia.  There  is  also  but 
one  flexor  (g)  in  the  femur,  which,  like 
the  preceding  muscle,  is  pennifonn,  and 
occupies  the  inferior  portion  of  the 
femur,  and  its  tendon  is  attached  to  the 
inferior  border  of  the  tibia.  In  the  tibia 
itself  there  is  also  one  flexor  and  one 
extensor.  The  jtextir  (0  occupies  tlie 
superior  portion  ot  the  limb,  and  ends  In 
a  long  tendon  (I)  that  passes  directly 
through  the  joints  of  the  tarsus,  on  their 
inferior  surface,  and  is  attached  to  the 
inferior  mai'gin  of  the  claw  (p).  The 
exteiixor  (ft)  occupies  the  inferior  portion 
of  Uie  tibia,  and  is  shorter  than  the  pre- 
ceding muscle,  like  which  it  ends  in  a' 
long  tendon  that  is  attached  to  the  upper 
margin  of  the  claw.  Desidea  these  mus- 
cles, whicli  are  common  to  the  joints  ot 
the  tarsus,  tliere  are  two  others  belonging 
to  the  claw,  situated  in  the  last  joint. 
The  first  of  these,  the  extentor  (»>)>  is 
short,  and  occupies  the  superior  portion 
of  the  last  phalanx  of  the  tarsus,  and  the 
other,  the  _flMor  (n),  is  a  much  longer 
penniforni  muscle,  which  occupies  nearly 
the  whole  of  the  upper  and  under  surface 
of  the  posterior  part  of  the  phalanx,  and 
is  attached,  like  the  long  flexor  of  the 
tarsus,  to  the  inferior  part  of  the  claw." 

These  are  the  muscles  of  the  prothorax,  '^fJhofJ^«- --tfer  Sinus-Durckliefm,  troai 
and  its  organs  of  locomotion.    The  reader 

is  referred  for  a  further  account  of  the  muscles  ot  the  hinder  thoracic  and  ot 
the  abdominal  segments  to  Straus-Ourckheim's  original  work. 

Minute  atrut^tiire  of  the  muscles.  —  The  nmscular  fibres  of  insects 
are  atriatptl  (Figs.  2;i5-^38),  even  those  of  the  aliiiientavy  canal  ; 
the  only  notable  exception  being  the  alary  muscles  of  the  pericardial 
septum,  while  Lowne  states  that  tiertain  of  the  thoracic  muscles  of 
the  hlow-fly  are  not  striated  (Miall  and  Denny). 

In  describing  the  minute  atnicture  of  the  muscles  of  ants,  wasps, 
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and  beea,  C.  Janet  states  that  each  consists  of  a  group  of  fibrea 
diverging  from  a  t«ndon,  which  is  an  integuinentary  invagination 
(Fig.   236),    Each  fibre  may  be  regarded  aa  a  multinucleate  cell  j 
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the  sarcolemma  represents  the  cell-membrane.  It  forms  a  resistant 
and  extremely  elastic  tube.  The  longitudinal  (Fig.  236,  E)  and 
radiating  filaments  or  reticulum  (spongioplasm  of  Gehuchten)  lie  in 
a  nutritive  filling  substance  (the  hyaloplasm  of  Gehm-hten).  The 
radiating  filaments  are  formed  of  an  exceedingly  elastic  substance, 
and  serve  to  sustain  the  longitudinal  filaments,  to  transmit  the  ner- 
vous stimulus  to  them,  and  to  bring  them  back  into  position  after 
contraction.  Janet's  account  agrees  on  the  whole  n-ith  that  of 
Gehuchten. 

The  muscles  of  flight  are  said  to  be  penetrated  by  fine  tracheal 
branches,  probably  to  supply  a  greater  amount  of  oxygen,  as  the 
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most  energetic  movements  of  the  insect  are  made  in  moving  the 
wings  during  flight ;  while  the  other  muscles  of  the  body  are  only 
surrounded  by  the  air-tubes.    (Sharp.) 

Without  entering  into  tedious  details,  the  reader  is  referred  to 
figures  or  references  to  the  more  important  systPms  of  muscles,  such 
a.s  those  of  the  legs  and  other  appendages,  of  the  wiiifrs,  of  respira- 
tion, etc.,  to  the  sections  treating  of  those  organs  or  functions;  also 
to  Figs.  16,  17,  18,  22,  48,  74,  81,  83,  84,  115,  116, 172,  17.'i,  174.  etc. 

Hnaculor  power  of  insects.  — The  most  detailed  and  careful  experi- 
ments are  those  of  Plateau.     His  experiments  prove  that  even  the 
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weakest  insects  pull  at  least  five  times  their  own  weight ;  many  of 
them,  however,  get  the  better  of  a  burden  twelve  to  twenty  fold  as 
heavy  as  themselves,  while  a  strong  man  or  a  draught  horse,  for 
example,  is  not  even  able  to  pull  a  burden  which  is  equal  to  the 
weight  of  his  body.  Plateau  oamis  to  the  following  results  as  to  the 
relation  of  the  weight  of  the  body  to  the  load  drawn  (1  and  2  are  to 
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be  compared  with  each  other,  1  being  the  larger,  and  2  the  smaller 
insect ;  it  will  be  seen  that  the  smaller  insect  is  the  stronger). 

1.  CariibiiB  anratiis  17.4.  1,    yecrophorits  venpUlo  16.1. 

2.  yphria  brevicnUh  25.3.  2.    .Silpha  livida  24.4. 

1.  C*toiiia  aitrala  15.  1,    Oc^piis  morlo  17. 

2.  TrichiiiHfmcial lis  41.3.  2.    Qiiedem  ftilgkhis  29.G. 

1.  MeMontha  viihjuris  14.3.  1.    Dunacia  iipi)})lui-'i-  42.7. 

2,  Ano}Rala  frlschii  24.3.  2.    Cn'neeris  vierdigera  39.2. 

1.  Oryctes  naskornia  4.7.  1.    Bnmbtis  terrestrin  16.1. 

2.  Oeotraj>eg  stetvanirius  9.8.  2.    Bumhim  nijivstris  14.5, 

3.  OiitlioplKujusuiidHcomis  14.4.       3.    Apis  mellijica  20.2. 

As  regards  the  pushing  power,  the  relation  of  the  load  to  the  size 
of  the  body  in  different  large  beetles,  gave  the  following  figures ;  — 


Ornclfx  iianhioriiis  3.2. 

Oeotriippn  Merorai-iim  28.4. 
Onlkopliwjus  iiiK-hieoyiiiH  92.9. 
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The  leaping  force  of  locusts  waa  found  by  Straus- DUrck helm  to  be 
in  (Edipoda  groaaa  as  1.6,  in  <E.  parailela  as  3.3  of  their  weight. 
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A  humble  bee  (Bombus  terrestris)  can  carry  while  flying  a  load 
0.63  of  ita  own  weight,  and  a  honey  bee  0.78 ;  here,  as  usual,  the 
smaller  insect  is  the  stronger.' 

'  It  has  been  sngKesled  to  us  by  A.  A.  Parkiird  that  the  power  possessed  by  insects 
of  transporting  loiidB  much  heavier  than  themselves  is  easily  aci'ounted  tor,  when  we 
consider  that  the  muscles  of  the  legs  of  an  insect  the  siie  of  a  houae-lly  (t  inch  long), 
Bnd  supporting  n  load  3Ug  times  its  own  weight,  wonld  he  subjected  to  the  same  stress 
(per  square  inch  of  cross-section)  as  they  would  be  in  a  Ily  100  inches  long  of  precisely 
similar  shape,  that  carried  only  its  own  weight;  from  the  mechanical  law  that, 
while  the  weight  of  gimilar  bodies  varies  as  the  cube  of  the  corresponding  dimenalons, 
the  area  of  cross-section  of  any  part  (siicb  as  a  section  of  the  muscles  of  the  legj 
irarles  only  as  tbe  square  of  the  corresponding  dimensions.  In  short,  tbe  muscles  of 
a  Ily  carryfDg  this  great  proportional  weight  undergo  no  greater  tension  than  would 
be  exerted  by  a  colossal  Insect  in  walking. 
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THE   NERVOUS   SYSTEM 
I.  Tba  iMrToiiB  srstam  «■  s  whole 


B  Tlie  uervoHS  system  of  insects  consista 

of  a  double  series  or  chain  of  ganglia  con- 
s'      nected  liy  nervous  cords  or  commissures. 

I        The  first  of  these  is  the  brain  or  supra- 
(Esophageal  ganglion ;  it  is  situated  in  the 


upper  part  of  the  head,  above  the  gullet 


||  or  tesopliagiis,  while  the  rest  of  the  sys- 

o^  tem,  called  the  ventral  cord,  lies  on  the 

Jl  floor  of   the  body,    under   the   digestive 

=  I  canal. 

I  -  A  ganglion  or  nerve-centre  consists  of 

=1  a  mass  of  ganglion^'ells,  from   ea^h  of 

I J  which  a  process  or  fibre  passes  off",  uniting 

c' s  with  others  to  form  a  nerve  ;  by  means  of 

%£  these  nerves  the  ganglia  are   connected 

!t|  with  other  ganglia,  and  with  the  sensory 

\-i  cells  and  muscle-fibres.    The  ganglia  may 

^1  be  simple,  and  arranged  in  pairs,  corre- 

T^  spending  to  each  segment  of  the  iMxly, 

~'-f  or  they  may  be  compound,  the  result  of 

i'a'  the    fusion   of  several  pairs  of   ganglia, 

=  =  which  in  the  early  stages  of  the  embryo 

1^  are  separate.    Thus  the  brain  of  insects 

||^  is  a  compound   ga:.Klion,  or  ganglionic 

3=1  The  nerves  are  of  two  kinds:    1.  Sen. 

J-f  «>r(/,  which  transmit  sensations  from  the 

t^i  peripheral  sense-cells  to  the  ganglion,  or 

f,%,s  brain;  2.  yfotor,  which  send  stimuli  from 

».||  the  brain  or  any  other  ganglion  to  the 

|-?*  muscles. 

I  f  "E  Of  ganglion  cells,  some  are  tactile,  and 

III  others  give  rise  to  nerves  of  special  sense, 

^  ^3  being  distributed  to  the  eyes,  or  to  the 

I  ,-«  organs  of  hearing;  smell,  taste,  or  touch. 

a  I-  While  the  supratEsophageal  ganglion, 

i||  or  "brain,"  of  the  insect  is  much  more 

I  J,  complex  than  any  other  ganglion,  consist- 


THE  N  EH  VOLS  SYSTEM 


1'1>3 


ing  more  exclusively  both  of  sensory  as  well  as  motor  ganglia  and 
their  nerves,  it  should  be  borne  in   mind   that  the  subcesophageal 
ganglion  also  receives  nerves  of  special  sense,  situated  on  the  palpi 
and  on  the  tongue,  as  in  the  bee 
and  other   insects;   hence  this  ^XTVrT  fi^'lIgS 

ganglion   is   probably  complex,       .^!S;&I^C^^  I-"" ilea 

consisting  of  sensory  and  motor     2 M/^T^iat^-^M  5a  =  "^.. 

cells.  The  third  thoracic  gan- 
glion is  also,  without  doubt,  a 
complex  one,  as  in  the  locusts 
the  auditory  nerves  pass  into  it 
from  the  ears,  which  are  situated 


at  the  base  of  the  abdomen,  while 
in  the  green  grasshopjiers,  such 
as  the  katydids  and  their  allies, 
,  whose  ears  ai-e  situated  in  their 
fore  legs,  the  first  thoracic  gan- 
glion is  a  complex  one.  In  the 
cockroach  and  in  Leptis  ((!hry- 
sopila),  a  common  fly,  the  caudal 
appendages  bear  what  are  prob- 
ably olfactory  organs,   and   as 

these  parts  are  undoubtedly  supplied  from  the  last  abdominal  gan- 
glion, this  ia  probably  composed  of  sensory  and  motor  ganglia;  so 
that  we  have  in  the  ganglionated  cord  of  insects  a  series  of  brains,  as 
it  were,  running  from  head  to  tail,  and  thus  in  a  stilt  stronger  sense 
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tlian  in  vertebrates  the  entire  nervous  system,  and  not  the  brain 
alone,  is  the  organ  of  the  mind  of  insects. 

The  simplest,  most  primitive  form  of  the  nervous  system  of  insects 
is  seen  in  that  of  the  Thysanura.  That  of  Oampodea  has  not  yet 
been  fully  examined,  but  in  that  of  the  more  complicated  genus, 
Machilis  (Fig,  239),  we  see  that  there  is  a  pair  of  ganglia  to  neaily 
each  segment,  while  the  brain  (Fig.  241)  is  coinpuged  uf  three  lobes, 
viz,  the  optic,  the  cei-ebral  (Fig.  239,  g),  behind  which  is  the  anteunal 
lobe,  from  which  the  antennal  nerve  takes  its  origin.  Behind  the 
opening   for  the  throat  (oe)  is  situated   the   first   ganglion   of  the 
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ventral  cord,  the  subcesophageal  ganglion,  which  gives  rise  to 
the  nerves  supplying  the  jaws  and  other  mouth-parts. 

In  the  Collembola,  which  are  retrogra<le  Thysanura,  there  are  from 
one  (Smynthurus),  to  three  or  four  ventral  ganglia. 

In  the  winged  insects,  where  the  ganglia  are  more  or  less  fused, 
the  fusion  taking  place  in  the  head  and  at  the  end  of  the  alxlomeu; 
there  are  in  the  more  simple  and  generalized  forms,  such  as  Ephpmera, 
the  grasshopper,  locusts  (Fig.  240),  etc..  tliirteen  ganglia  besides  the 
two  pairs  of  compound  ganglia  in  the  head,  three  pairs  of  thoracic 
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ganglia,  and  usually  from   five   to  eight  pairs  of  ganglia  in  the 
abdomen. 

Ill  certain  winged  insects  the  process  of  fusion  or  degeneration 
is  carried  to  such  an  extreme  that  there  are  either  no  abdominal 
ganglia  (Fig.  242,  D),  "or  their  vestiges  are  situated  in  the  thorax 
and  partially  fused  with  the  thoracic  ones,  as  in  the  May  beetle,  in 
which  the  prothoracic  pair  of  ganglia  is  separate,  while  the  two 
other  thoracic  ganglia  are  fused  with  the  abdominal,  the  latter  being 
situated  in  the  thorax;   this  fusion  is  carried  to  a  further  extent 


than  in  any  other  Coleoptera  yet  examined.  In  many  Kptera  and 
Tiemiptera  the  abdominal  ganglia  are  either  absent  or  the  vestiges 
are  fused  with  the  thoracic  ganglia. 

Rhizotrogiis,  which  is  allied  to  our  May  beetle,  as  also  Hydrometra 
and  the  Stylopidffl  are  said  to  lack  the  sulxEsophageal  ganglion 
(Brandt). 

In  imroerous  Coleoptera  (Acilius,  Gyrinus,  Neerophorus,  Melo- 
lontha,  Bostrichus,  Ehynchienus) ;  in  many  Diptera  (Culex,  Tipula, 
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Asilus,  Xylophaga,  and  Phora);  and  in  the  higher  Hymenoptera 
(CrabronidaB,  Vespidse,  and  Apidse),  as  well  as  in  many  Lepidoptera 
(Vanessa,  Argynnis,  and  Pontia),  two  of  the  thoracic  ganglia  are 
fused  together,  while  all  three  are  partially  fused  into  a  single  mass 
in  many  brachycerous  Diptera  (Conops,  Syrphus,  Pangonia,  and  the 
Muscidae)  ;  in  certain  Hemiptera  (Pentatoma,  Nepa,  and  Acanthia) ; 
also  in  a  beetle  {Serica  brunnea).  Sometimes  the  suboesophageal 
ganglion  is  fused  with  the  first  thoracic,  as  in  Acanthia,  Nepa,  and 
Xotonecta.  The  greatest  amount  of  variation  is  seen  in  the  number 
of  abdominal  ganglia,  all  being  fused  into  a  single  one  or  from  one 
to  eight.  The  fusion  is  usually  greatest  where  the  abdomen  is  short- 
ened, due  to  the  partial  atrophy  and  modification  of  the  terminal 
segments  which  bear  the  ovipositor,  where  present,  and  the  genital 
armature. 

There  is  only  one  pair  of  abdominal  ganglia  in  Gyrinus  and  in  cer- 
tain flies  (Conops,  Trypeta,  Ortalis,  and  Phora)  ;  two  in  Rhynchaenus, 
a  weevil,  and  in  the  flies,  Syrphus  and  Volucella ;  three  in  Crabro 
and  Eucera;  four  in  Sargus,  Stratiomys  and  in  butterflies,  five  in 
the  beetle,  Silpha,  and  in  the  fly,  Seiara,  and  the  motli,  Hepialus. 

The  nervous  svstem  in  the  larvae  of  the  metabolous  orders  is  not 
concentrated,  though  in  that  of  the  neuroj)terous  ^fyrmeleo  it  has 
imdergone  fusion  from  adaptation  to  the  short  compressed  form  of 
this  insect. 

b.  The  brain 

The  brain  of  insects  appears  to  be  nearly,  if  not  quite,  as  complex 
as  that  of  the  lower  vertebrates.  As  in  the  latter,  the  pair  of  suprar 
oesophageal  ganglia,  or  brain,  is  the  principal  seat  of  the  senses,  the 
chief  organ  of  the  insect's  mind. 

It  is  composed  of  a  larger  number  of  pairs  of  primitive  ganglia 
than  any  of  the  succeeding  nerve-centres,  and  is,  structurally,  entirely 
different  from  and  far  more  complicated  than  the  other  ganglia  of 
the  nervous  system.  It  possesses  a  central  body  in  each  hemisphere, 
a  **  mushroom  body,"  optic  lobes  and  optic  ganglia  and  olfactory  lobe, 
with  their  connecting  and  commissural  nerve-fibres,  and  a  number 
of  other  parts  not  found  in  the  other  ganglia. 

In  the  succeeding  ganglia  the  lobes  are  in  general  motor;  the 
fibres  composing  the  oesophageal  commissures,  and  which  arise  from 
the  oesophageal  commissural  lobes,  extend  not  only  to  the  suImk- 
sophageal  ganglion,  but  pass  along  through  the  succeeding  ganglia 
to  the  last  pair  of  abdominal  nerve-centres.'     Since,  then,  there  is  a 

^  This  has  been  shown  to  be  the  case  by  Michels,  who  states  that  each  coiiiniissare 
is  formed  of  three  parallel  bundles  of  elementary  nerve-fibres,  which  pass  continue 
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direct  continuity  in  the  fibres  forming  the  two  main  longitudinal 
commissures  of  the  nervous  cord,  and  which  originate  in  the  brain, 
it  seems  to  follow  that  the  movements  of  the  body  are  in  large  part 
directed  or  coordinated  by  the  brain. ^  Still,  however,  a  second 
brain,  so  to  speak,  is  found  in  the  third  thoracic  ganglion  of  the 
locust,  which  receives  the  auditory  nerves  from  the  ears  situated  in 
the  base  of  the  abdomen;  or  in  the  first  thoracic  ganglion  of  the 
green  grasshoppers  (katydids,  etc.),  whose  ears  are  situated  in  their 
fore  legs ;  while  even  the  last  pair  of  abdominal  ganglia  in  the  cock- 
roach and  mole  cricket,  is,  so  to  speak,  a  secondary  brain,  since  it 
distributes  sensory  nerves  to  the  caudal  stylets,  which  are  provided 
with  organs  probably  olfactory  in  nature. 

It  is  impossible  to  understand  the  morphology  of  the  brain  unless 
we  examine  the  mode  of  origin  of  the  nervous  system  in  the  early 
life  of  the  embryo.  The  head  of  an  embryo  insect  consists  of  six 
segments,  i.e.  the  ocular,  antennal,  premandibular,  mandibular,  and 
the  1st  and  2d  maxillary  segments,  so  named  from  the  appendages 
they  bear.  Of  these  the  first  three  in  the  larva  and  adult  are 
preoral,  and  the  last  three  are  postoral.  The  antennal  segment 
was  probably  either  postoral  in  the  progenitors  of  insects,  or  the 
antennae  were  inserted  on  the  side  of  the  mouth,  the  latter  finally 
moving  back.* 

The  nervous  system  in  the  early  embryonic  condition,  as  shown 
by  AVheeler  (Fig.  245),  at  first  consists  of  nineteen  pairs  of  primitive 
ganglia,  called  nettromeres.  Those  of  the  head,  which  later  in  em- 
bryonic life  fuse  together  to  form  the  brain,  are  the  first  three, 
corresponding  to  the  protocerehrum,  deutocerebrum,  and  tritocerebrum 

oasly  from  oue  end  of  the  ventral  or  nervous  cord  to  the  other.  "  The  commissures 
take  their  origin  neither  out  of  a  central  punctsubstanz  (or  marksubstanz),  nor 
from  the  peripheral  ganglion-cells  of  the  several  ganglia,  but  are  mere  continuations 
of  the  longitudinal  fibres  which  decrease  posteriorly  in  thickness,  and  extend  ante- 
riorly through  the  commissures,  forming  the  oesophageal  ring,  to  the  brain." 

1  The  following  extract  from  Newton's  paper  shows,  however,  that  the  infra  or 
subcBSophageal  ganglion,  according  to  Faivre,  has  the  power  of  coordinating  the  move- 
ments of  the  body ;  still,  it  seems  to  us  that  the  brain  is  primarily  concerned  in  the 
exercise  of  this  power,  as  the  nerves  from  the  suba^sophageal  ganglion  supply  only 
the  mouth-parts.  *'  The  physiological  experiments  of  Faivre  in  1H57  (Ann.  des  Sci. 
Nat.  tom.  viii,  p.  245),  upon  the  brain  of  Dyticus  in  relation  to  locomotion,  are  of 
very  considerable  interest,  showing,  as  they  appear  to  do,  that  the  power  of  coordi- 
nating the  movements  of  the  body  is  lodged  in  the  infraccsophageal  ganglion.  And 
such  being  the  case,  both  the  upper  and  lower  pairs  of  ganglia  ought  to  be  regarded 
as  forming  parts  of  the  insect's  brain."  —  Quart.  Jour.  Micr.  Sc,  1879,  p.  342. 

2  The  arthropod  protocerebrum  probably  represents  the  annelid  brain  (supra- 
cesophageal  ganglion).  The  antennal  segment  (deutocerebrum),  with  the  preman- 
dibular (intercalary)  segment  (tritocerebrum)  originally  postoral,  have,  as  Lankes- 
ter  suggests,  in  the  Arthropoda  moved  forward  to  join  the  primitive  brain.  See 
Wheeler,  Joarn.  Morphology,  Boston,  viii,  p.  112. 
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of  Viallaiies.     The  first  pair  of  primitive  ganglia,  and  wkieli  is 
situated  in  front  of  the  mouth,  is  divided  into  three  lobes. 

The  first  or  outermost  lobe,  according  to  Wheeler,  forms  the  optic 
gangliou  of  the  larva  and  imago,  while  the  second  and  third  lobes 
(]jf.^,  pc^)  ultimately  form  the  bulk  of  the  brain  proper,  or  the  pro- 
tocerebral  lol>es.  The  second  (primitively  postoral)  brain-segment 
or  pair  of  j^'an.tjlia  gives  origin  to  the  antennae,  while  the  third  brain. 


Fig,  "245.  A-/>.  —  Dia^atns  of  four  consecutive  stajfe.s  in  the  Aeveloproent  of  the  brain  and  nerve- 
<hain  of  the  embryo  of  Xiphidium  :  I,  ce|>halic.  —  II,  thoracic, —  III.  Hltcloiikiiiai,  rejrfon ;  */. 
MoiU'wlseuni  or  priiiiitlve  mouth  ;  fiu.nuu":  r.  optic  plate  ;  jM'koff),  \st  protocerebral  liibe.  or  »iptie 
^aniclion  ;  /«•',  /><••,  'M  and  4d  protocerebral  lobes  ;  t/c,  deuiocerebrum  ;  tc,  trltocerebrum  :  1-lfi.  the 
16  postoral  ^rariirliu;  /*o.c,  postoral  roiiimi*>ure  :  /ji,  furcal  pit;  ac,  anterior,  —  /«•,  p<i>t«*rior.  jran- 
Klionlc  c<»miiil(i^urt- ;  a(/,  anterior,  —  //j/,  po-^terior,  —  c^/,  central,  —^t^,  lateral  ^antrliomere.v  —  Alter 
Wheeler. 


or  premandibular  (intercalary)  segment,  gives  origin  to  a  temporary 
embryonic  i)air  of  ai)pendages  found  in  Anurida  and  Campodea  (the 
premandibular  ganglia),  and  also  to  the  nerves  supplying  the  labrum. 
These  three  pairs  of  ganglia  later  on  in  embryonic  life  become 
preoral,  the  mouth  moving  bac^kwards.  The  three  pairs  of  primitive 
ganglia,  behind,  i.e.  the  mandibular  and  1st  and  2d  maxillary  gan- 
glia, become  fused  together  to  form  the  subcBSophageal  ganglion, 
and  which  in  larval  and  adult  life  is  postoral. 
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If  the  tongue  (ligula,  oi  hypopharyux)  represents  a  distinct  pair 
of  appendages,  then  there  are  seven  segments  in  the  head. 


Fio.  we.  —  Swii'.n  IhiwiB-h  h«ul  c.r  a 
Kun  if);   «"•,  iii«tifj.rv  n*rv.;  «,r. 


The  brain,  then,  supplies   nerves  to  the  compound  and  simple 
eyes,  and  to  the  antennae,  and  gives  origin  to  the  sympathetic 
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■riMD  of  Ibebrxl  Itilnwn  riitln>.  Ap/>.  byiiupliBrj'ni :  ii*.nni1  avity;  Ibr,  ii|i|>rrH|i:  gf.  IViiiilil 
gonitUnn:  if,  bnln;  «»,  nut  oftlw  uwiiiuil  iierva;  im,  rnoi  iif  itwnjitLc  nar*r;  tnr.  kntfrtur,  —  w'. 
■ — uniiltnn  nf  Iba  ^inlKd  vlneml  «mnua  tjriittin  ;  tr,  iRwjibiinii ;  r.  innjihHrnl  eumtnls- 
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.  nerves ;  it  is  thus  the  seat  uf  the  senses,  also  of  the  insect's  mind, 
and  coordinates  the  general  movements  of  the  body. 


/^v^l 
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The  pair  of  subcesophageal  ganglia  distributes  nerves  to  the 
mandibles,  to  the  1st  and  2d  maxillae,  and  to  the  salivary  glands 
(Fig.  248). 

Its  general  shape  and  relations  to  the  walls  and  to  the  outer 
organs  of  the  head  is  seen  in  Figs.  247,  248.  In  all  the  winged 
insects  (Pterygota)  its  plane  is  situated  more  or  less  at  right  angles 
to  the  horizontal  plane  of  the  ventral  cord.  On  the  dorsal  and 
anterior  sides  are  situated  the  ocular  lobes,  and  below  these  the 
antennal  lobes. 

Viallanes  first,  independently  of  embryonic  data,  divided  the 
brain  of  adult  insects  into  three  regions  or  segments ;  i.e.  the  ^^pro- 
tocerebron"  ^^ deutocerebron,^^  and  '^ tntocerebron,^^  which  he  after- 
wards found  to  correspond  with  the  three  primitive  elements 
(neuromeres)  of  the  brain  and  with  the  segments  of  the  head  of  the 
embryo. 

The  brain  of  the  locusts  (Melanoplus  and  (Edipoda)  being  best 
known  will  serve  as  the  basis  of  the  following  description,  taken 
mainly  from  Viallanes,  with  minor  changes  in  the  name  of  the  three 
segments,  and  other  modifications. 

I.  The  optic  or  procerebral  segment  is  composed  of  a  median  por- 
tion, i.e,  two  fused  procerebral  lobes  (median  protocerebrum),  and 
of  two  lateral  masses,  the  optic  ganglia  (protocerebrnm),  and  com- 
prises the  following  regions  fused  together  and  forming  the  median 
procerebral  mass  (Viallanes)  :  — 

1.  Procerebral  lobes. 

2.  Optic  ganglia. 

3.  Layer  of  postretinal  fibres. 

4.  Ganglionic  plate.     {Periopticon  of  Hickson.) 

5.  External  chiasma. 

6.  External  medullary  mass.     (Epiopticon  of  Hickson.) 

7.  Internal  chiasma. 

Fio.  24S.  —  1,  fhont  view  of  the  brain  of  AfffanopluMffmur-ruhrnm  :  opt.  gang,  optic  Kan^lion  ; 
or,  oc«]li  and  nerves  loading  to  them  from  the  two  heinisphere.H,  each  ooellar  nerve  arising?  from  the 
region  containing?  the  calices :  m.  mr.  median  ocellar  nerve ;  opt.  t,  optic  lol>e  hendin?  off  the  optic 
nerve  to  the  optic  ^nirlion  :  ant.  I,  antennal  or  olfactory  lobe ;  ant.  n,  antennal  nerve ;  /.  g,  frontal 
(Oinfrllon  of  S3'mpathetic  nerve;  Ibr.  w,  nerve  to  labriim  ;  a*,  cross-nerve  or  coiiiuit»Hure  lM*tween  the 
two  hemlKpheres;  Of.  c,  (Bsophai^eal  commissure  to  Buba\sophat(eal  ganglion.  2,  side  view  of  the 
brain  and  subopsophageal  ganglion  (lettering  of  brain  as  in  I):  tt.  g.  stoniatogastric  or  svm]ta- 
thetic  nerve;  a.n.g^  anterior,  and  p.  9.  g,  posterior,  sympathetic  ganglia;  c^,  sulMesophageal 
ganglion  ;  m<i,  nerve  to  mandible ;  mjr.  maxillarv  nerve ;  /»,  labial  nerve ;  »/,  unknown  nerve. 
—  |>erhaps  salivary.  8,  interior  view  of  the  right  half  of  the  head,  showing  the  brain  in  its  natural 
position:  an,  antenna;  cl,  cly|)ons;  Ibr,  Inbrnm ;  m,  mouth-cavity;  m</,  mandible ;  t^  tongue; 
CB,  oesophagus;  c,  crop;  en,  right  half  of  the  endocranium  or  X-shaped  bone,  through  the  anterior 
angle  of  which  the  (esophagus  passes,  while  the  great  mandibular  muscles  play  In  the  lateral  angles. 
The  moon-shaped  edge  Is  that  ma<lo  by  the  knife  passing  through  the  centre  of  the  X.  4,  view  of 
brain  from  above  Uettertt  as  before).  5.  subcesophageal  ganglion  from  above :  t.  c,  commissure  to 
the  succeeding  thoracic  ganglion  (other  letters  as  before).  Fig.  8  is  enlarged  S  times ;  all  the  rest  25 
times.  —Drawn  from  original  dissections,  by  Mr.  Edward  Burgess,  for  the  Second  Report  of  the 
U.  S.  Entomological  Commission. 
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8.  Internal  medullary  mass.     (Opticon  of  Hickson.) 

9.  Optic  ganglia  and  nervea. 

10.  Pedunculated  or  stalked  body.   (Mushroom  body  of  Dujardin.) 

11.  Bridge  of  the  procerebral  lobes. 

12.  Central  body. 

Optic  gftnglia. — Each  of  the  two  optic  ganglia  is  formed  of  a 
series  of  three  ganglionic  masses  situated  between  the  compound 
eyes   and   the    median    procerebral    ma»»,  i.e.  the  ganglionic    plat« 
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(Fiff.  249,  Ig),  the  external  medullary  mass  {me ),  and  the  internal 
medullary  mass  (mi). 

The  postretinal  fibres  (//"')  arising  from  the  facets  ov  single  eyes  of 
the  coinponnd  eye  (omniatidia)  pass  into  the  ganglionic  plate  <lif), 
which  is  united  within  by  the  chiasmatic  fibres  (i-fic,  external  chiasma) 
of  the  external  medullary  mass  fw).  The  last  is  attached  to  the 
internal  medullary  mats  (uii)  by  fibres  (rhi),  some  of  which  are  cliia-s- 
matic,  and  others  direct.  Finally,  tlie  internal  mednllary  mass  con- 
nects with  the  median  part  of  the  protocerebriim  by  direct  fibres 
forming  the  optic  nerve  or  tract  (to). 

Procerebral  lobea.  —  The  median  procerebral  lobes  are  f  iised  toRether 
on  the  median  line,  forming  a  single  central  mass.     From  each  side 
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or  lobe  arises  the  mushroom  or  stalked  body.  In  the  middle  of  tlie 
mass  is  the  central  body,  and  directly  in  front  is  the  pi'ocerebral 
bridge  {pip).  The  latter  is  a  band  uniting  the  two  halves  of  tlie 
braiu. 

The  pi'Ocerebral  lobes  also  give  origin  to  the  nerves  to  the 
ocelli  {HO). 

The  musliroom  or  etalked  bodies. — These  remarkable  oi^ans  were 
first  discovered  by  Dujardin,  who  compared  them  to  mushrooms,  and 
observed  that  they  were  more  highly  developed  in  ants,  wasps,  and 


Fio.  S30.  — Trnnsrerw  OHtlsn  Ihmuirh  the  hraln  it  Ihi'  Inrixt  ((lultpnda  inU  I'slui-ti-nti-.t: 

flbnin»r™ioB  of  ibriKnlnl  hnily;  /eh.  iii'hrn-lBuf  the»ninl  body  ;  /c*,  demwiijlnit  fii»d«  nf  ili» 
Mut;  Id.  doTHl  kibi'  of  Iho  (IsuUmmtHriini j  It.  trltucfrebnil  lube;  aelil,  gr,,  miwIliHi  c»U>.— 

bees  than  in  the  lower  insects,  and  thus  inferred  that  the  higher 
intelligence  of  these  insects  was  in  direct  relation  to  the  development 
of  these  bodies.     We  will  call  them  the  mushroom  bodies. 

These  two  bodies  consist  of  a  rounded  lobular  mass  (the  trabecula) 
of  the  procerebral  lobe,  from  which  arises  a  double  stalk  (Fig.  20.1), 
the  larger  called  the  iMnliailiia,  the  smaller  the  jieffnncte  (or  pedicel); 
these  support  the  cap  or  cnlyr.  The  calices  of  the  bee  were  com- 
pared by  Dujardin  to  a  pair  of  disks  on  each  side  of  the  brain  as 
seen  from  above,  "each  disk  being  folded  together  and  bent  down- 
wards before  and  behind,  its  border  being  thickened,  and  the  inner 
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portion  radiated."     In  the  locust  there  are  but  two  divisions  of  the 
calyx ;  in  the  cockroach,  ants,  wasps,  and  bees,  four. 

The  shape  and  relation  of  the  mushroom  bodies  aie  represented 
in  Figs.  252  and  253.  The  bodies  are  connected  by  commissural 
fibres,  and  are  connected  with  the  optic  ganglion  of  the  same  side, 
and  with  the  central  body;  while  they  are  connected  with  the 
antennal  lobes  by  the  opti co-olfactory  chiasma. 

j^Q  The    stalked    bodies    aie 

'  enveloped    by    tlie    cortical 

layers  of  ganglion-cells,  those 
filling  the  hollow  of  the  calyx 
having  little  or  no  proto- 
plasm around  the  nucleus. 

Stmctnte  of    the    nnuhnwia 

bodies.  —  By  staining  tlie  brain 

of  tlie  lioney  bee  with  bichromate 

of  silver,  Kenyon  haa  worked  out 

ilie  structure  of  the  uiusliroom 

,    bodies,  with  their  cells.   The  cup- 

I  sliaiKiU    bodies    or    calyces    are 

composed   of    fibrillar  substance 

(pniiktaubstaat).     Each  of  these 

cups,  he  says,  is  "filled  (o  over- 

I  flowing  nitli   cells   having  large 

nuclei  and  very  little  cytoplasm." 

From  the  under  surface  o{  each 

of  these  cups  there  descends  into 

the  general  fibrillar  subsiance  of 

the  brain  "a  cnlumn  of  fibrillar 

substance,  which  unites  with  ils 

fellow  of  the  sniiie  side  to  send  a 

larjie  branch  obliquely  downward 

Km  SSI  —  SuituI  smHiib  ilmiiiKh  lh»  hnin  of  the    *"  ''^*  median  line  of  the  brain, 

ImMHi: '.IV  H.liiundar«UusiHrvr;ii. '.nntfrtiinnlKr-    and    an    equally    large    or    larger 

ihJ,  m,iJb^'biSr;  I^/^rir-'hiil' kplZ''  V.'["tau.m'   ^^»'^'^    Straight  forwards  to  the 

lob*  of  tbe  mlilills  umionrrbruiii ;  iwin,  diiiunliwunil    anterior  cerebral  surface." 

i i.t  J 1,..!.....  _...._.. .. _.  .. ,.    ,._.,. pj,^  observes  Kenyon,  "stand 


mrt«  or  Bnt»n^  lololrtorj )  \J!^'^al..fr.  llbr^JWrnini  ""'  '"  ^^^'^  contrast  to  all  Other 
nerrp:«*.n«fl.<e»niihicMioninnilwiira:  h-.niBi.iranii-  nerve  cells  known,  though  they 
rirMg!»o'."-"A'h^r"viaUM«^  '*""'  ""™' '""■'""  recall  to  some  eilent  the  cells  of 
Furkinje  in  the  higher  raaminals. 
Each  of  the  cells  contained  within  the  fibrillar  cup  sends  a  nerve-process  into  the 
latter,  where  it  breaks  up  into  a  profusely  arborescent  system  of  branchlets, 
which  often  appear  with  tine,  short,  lateral  processes,  such  as  are  characteristic 
of  the  dendrites  of  some  mammalian  nerve-cells."  Just  before  entering  the 
fibrillar  substance,  a  fine  branch  is  given  off  that  travels  along  the  inner  surface 
of  the  cup  along  with  othera  of  the  same  nature,  forming  a  small  bundle  to  the 
stalk  of  the  muahroom  body,  down  which  it  continues  until  It  reaches  the  orlKin 
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of  the  (interior  and  the  inner  rools  above  mentioned.  "  Here  it  branches,  one 
branch  continuing  straight  on  to  the  end  of  the  anterior  root,  while  the  other 
passes  to  the  end  of  the  inner  root.  Throughout  its  whole  course  the  fibre  and 
ita  two  branches  are  very  tine.  Nearly  the  whole  stalk  and  nearly  the  whole 
of  each  root  Is  niMle  up  of  these  straight,  parallel  Sbres  coming  from  the  cellH 
within  the  cup  of  the  mushroom  bodies.  What  other  Bbres  there  are  enter 
these  bodies  from  the  side,  and  branch  between  the  straight  fibres  very  much  as 
the  dendrites  of  the  cells  of  Purklnje  branch  among  the  parallel  fine  fibres  from 
the  cells  of  the  granular  layer  in  the  maromalian  cerebellum.  These  fibres  are 
of  the  nature  of  association  fibres." 

Viallanes  showed  Uiat  from  the  olfactory  or  ant«nnal  lobes,  as  well  as  from 
the  optic  ganglia,  there  are  tracts  of  fibres  which  finally  enter  the  cups  of  the 
mushroom  bodies,  and  Kenyon  has  confirmed  this  observation.  Kenyon  lias 
also,  by  the  Golgi  method,  detected  another  tract,  before  unknown,  "passing 
down  the  hinder  side  of  the  brain,  from  tlie  cups  to  the  region  above  the  wsoph- 
agug,  where  it  bends  forward  and  comes  in  contact  with  fibres  from  the  ventral 
cord,  which  exists,  although  Binet  was  unable  to  discover  any  growth  of  fibres 
connecting  the  cord  with  the  brain. 

"Ulie  fibres  entering  the  cnps  from  the  anl«nnal  lobe,  the  optic  ganglia,  and 
the  ventral  region,  spread  out  and  branch  among  the  arborescent  endings  of 


the  mushroom -body  cells.  Tlie  fibres  branching  among  the  parallel  fibres  of 
the  roots  and  the  stalk  lead  off  to  lower  parts  of  the  brain,  connectlnf;  with 
efferent  or  motor-fibres,  or  with  secondary  association  fibres,  that  in  their  turn 
malie  such  connections.  This  portion  of  the  circuit  has  not  been  perfectly  made 
out,  though  there  seems  to  he  sufficient  data  to  warrant  the  assumption  just 

"  Such  fibres  existing  as  described,  there  Is  then  a  complete  circuit  for  sensory 
stimuli  from  the  various  parts  of  the  body  to  the  cells  of  the  mushroom  biKiies. 
The  dendritic  or  arborescent  branches  of  these  cells  take  them  up  and  paa.i  them 
on  out  along  the  parallel  fibres  or  neurites  in  the  roots  of  the  mushroom  bodies 
as  motor  or  other  efferent  Impulses. 

"  This,  however,  Is  not  all.  For  there  are  numernua  fibres  evident  in  my 
preparations,  the  full  courses  of  which  I  have  not  been  thus  far  able  to  deter- 
mine, but  which  are  so  situated  as  to  warrant  the  inference  that  they  may  act  as 
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association  fibres  between  tbe  afferenl  fibres  from  tbe  antennie,  optic  ganglia 
and  ventral  system,  and  the  efferent  fibres.  There  is  then  a  poasibility  of  a 
etimulus  entering  the  brain  and  passing  out'  as  a  motor  impulse  without  going 
into  the  circuit  of  the  fibres  of  the  inushroom  bodies ;  or,  in  other  words,  a 
possibility  of  nliat  may  be  compared  lo  reflex  action  in  higher  animals." 

The  mushroom  bodies  have  not  yet  been  found  to  be  present  in 
the  Synaptera,  but  occur  in  the  larvae,  at  least  of  those  of  most 


n  mo  Ihrough  11) 


metamorphic  insects  (Lepidoptera  and  Hymenoptera),  thou(;h  not 
yet  found  in  the  larvw  of  ]>iptera.  The  writer  has  found  these  bodies 
in  the  nymphs  of  the  locust  (Melanojifiis  spretus).  but  not  in  the  em- 
bryo just  before  hatching.  They  occur  in  the  third  larval  or  nymph 
st^e  of  this  insect.  It  is  evident  that  by  the  end  of  the  first  larval 
stage  the  brain  attains  the  deveio]>ment  seen  in  the  third  larval 
state  of  the  two-banded  species  (C  biviUntas). 
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The  result  of  our  studies  on  the  brain  of  the  embryo  locust  was 
that  from  the  embryonic  cerebral  lobes  are  eventually  developed 
the  central  body  and  the  two  mushroom  bodies.  Fig.  2ri4  shows 
the   early    condition    of    the 

mushroom    bodies  and    their  , 

nndoubted  origin  from  the 
cerebral  ganglia.  Hence  these 
bodies  appear  to  be  differ- 
entiations of  the  cerebral 
ganglia  or  lobes,  having  no 
connection  with  the  optic  or 
antennal  lubes. 

The  central  body  (Fig.  252, 
ceutT.  b).  —  This  is  the  only 
single  or  unpaired  organ  in 
the  brain.     Dietl  characterizes       __  ^     _...,-,  . 

Flo.M4.  —  BMtlon  through  thf  bmln  nf(V»/ir«- 

it  as  a  median   commissural  ni«tvc«(.i/Min  tue  third  i«r«i  >tiig«.»howing  iha 

Lon  haiKlMpheni  or  oldro  »t  th«  bnln.  and  (he  onlH 
system.        V  lallanes    describes    "nd  w«ilM  nepr»,  whlcb  ■»  Hon  to  irlw  from  Ilia 

it  as  formed  entirely  of  a  i-^  hiK.asi):  o.cuf,  ouurdiTiiioii  of  «iyi  ofied 
very   fine   and  close  fibrillar  '""*  ™""     ^' 

web,  like  a  thick  hemispherical  skull-cap,  situated  on  the  median 
line  and  united  with  the  cerebral  lobes.  "  It  is  like  a  central  post 
towards  which  converge  fibres  passing  from  all  points  of  the  brain ; 
being  bound  to  the  cerebral  lot>es,  to  the  stalked  bodies,  to  the  optic 
ganglia,  and  to  the  olfactory  lobes  by  distinct  fibrous  bundles." 

The  antennal  or  olfaaory  lobes  (Deutocerebrum).  —  This  portion  of 
the  brain  consists  of  two  hemispherical  lobes,  highly  differentiated 
for  special  sensorial  ]>erception3,  and  connected  by  a  slightly  differ- 
entiated medullary  mass,  the  dorsal  lobe  (Figs.  248,  249  lo),  from 
which  arise  the  motor  fibres  and  those  of  general  sensibility.  The 
antennal  lobes  are  in  part  attached  to  the  optic  ganglia,  and  partly 
to  the  stalked  body  on  the  same  side,  by  the  optic  olfactory  chiasma 
(Fig.  250  Jch,  choo),  a  system  of  fibres  partially  intercrossed  on  the 
median  line. 

The  cesophAgeal  lobes  (Tritocerebrum)  (Figs.  24d,  2o0).  —  From  this 
region  the  labrum  and  viscera  are  innervated,  the  nerves  to  the  latter 
being  called  the  visceral,  symjKithetic,  or  stomatogastric  system.  As 
Viallanes  remarks,  though  plainly  situated  in  front  of  the  mouth, 
they  are  in  fact  post-cesophageal  centi'es.  The  two  lobes  are  .situ- 
ated far  apart,  and  are  connected  by  a  bundle  of  fibres  passing 
behind  the  cesophagus,  called  the  transverse  coinmissui-e  of  the 
oesophageal  ring  (Lienard).    The  tesophageal  ganglia,  besides  giving 
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rise  to  the  labraJ  nerves,  also  give  origin  to  the  root  of  the  frontal 
ganglion. 

c.   Histological  elements  of  the  brain 

The  brain  and  other  ganglia  are  composed  of  two  kinds  of  tissue. 

1.  The  outer  slightly  darker,  usually  pale  grayish  white  portion 
consists  of  cortical  or  ganglion-cells  differing  in  size.  This  portion 
is  stained  red  by  carmine,  the  cells  composing  it  readily  taking  the 
stain. 

The  large  ganglion  cells  (represented  in  Figs.  252  and  253)  are 
oval,  and  send  off  usually  a  single  nerve-fibre ;  they  have  a  thin  fibrous 
cell-wall,  and  the  contents  are  finely  granular.  The  nucleus  is  very 
large,  often  one-half  the  diameter  of  the  entire  cell,  and  is  composed 
of  large  round  refractive  granules,  usually  concealing  the  nucleolus. 

2.  The  medullary  or  inner  part  of  the  brain  consists  of  matter 
which  remains  white  or  unstained  after  the  preparation  has  remained 
thoroughly  exposed  to  the  action  of  the  carmine.  It  consists  of 
minute  granules  and  interlacing  fibres.  The  latter  often  forms  a 
fine  irregular  network  inclosing  masses  of  finely  granulated  nerve 
matter. 

This  i.s  called  by  Dietl  "  niarksubstanz."  Leydig,  in  his  Vom  Bau  des  thier- 
ischen  Korpers,  p.  89,  thus  refers  to  it :  — 

**  In  the  brain  and  ventral  ganglia  of  the  leech,  of  insects,  and  in  the  brain  of 
the  gastropods  (Schnecken)  I  observe  that  the  stalks  (stiele)  of  the  ganglion- 
cells  in  nowise  immediately  arise  as  nerve-fibres,  but  are  planted  in  a  molecular 
ma.ss  or  punktsnbstam,  situated  in  the  centre  of  the  ganglion,  and  merged  with 
this  substance.  It  follows,  from  what  I  have  seen,  that  there  is  no  doubt  that 
the  origin  of  the  nerve-Jibres  Jirst  takes  place  from  this  central  punktsubstanz. 

'*Thi8  relation  is  the  rule.  But  there  also  occur  in  the  nerve-centres  of  the 
invertebrates  single,  definitely  situated  ganglion-cells,  whose  continuations 
become  nerve-fibres  without  the  intervention  of  &.  supeTAdded  punktsubstanz.^* 
We  may,  with  Kenyon,  call  it  the  fibrillar  substance. 

Leydig  subsequently  (p.  91)  further  describes  this  fibrillar  substance,  stating 
that  the  granules  composing  it  form  a  reticulated  mass  of  fibrillae,  or,  in  other 
words,  a  tangled  web  of  very  fine  fibres :  — 

**  We  at  present  consider  that  by  the  passage  of  the  continuation  of  the 
ganglion-cells  into  the  punktsubstanz  this  continuation  becomes  lost  in  the  fine 
threads,  and  on  the  other  side  of  the  punktsubstanz  the  similar  fibrillar  substance 
forms  the  origin  of  the  axis-cylinders  arranged  parallel  to  one  another  ;  so  it  is 
quite  certain  that  the  single  axis-cylinder  derives  its  Jibrillar  substance  as  a 
mixture  from  the  most  diverse  ganglion-cells.'''' 

d.   The  visceral  (sympathetic  or  stomatogastric)  system 

This  system  in  insects  is  composed  (1)  of  a  series  of  three  unpaired 
j)^anglia  (Fig.  249,  gv\  (jv^,  gt^),  situated  over  the  dorso-median  line  of 
the  oesophagus,  and  connected  by  a  median  nervous  cord  or  recurrent 
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nerve  (nr,  vagus  of  Newport).  The  first  of  these  ganglia  is  the 
frontal  ganglion,  which  is  connected  with  the  oesophageal  ganglia  by 
a  pair  of  roots  (ri-t),  which  have  an  crigiu  primitively  common  with 
that  of  the  labral  nerves  (Fig.  248,  fg  and  Ibr). 

2.  Of  two  pairs  of  lateral  ganglia  (Fig.  255,  ga,  gp)  situated  two  on 
each  side  of   the  neaophagus.     They  are  connected  both  with  the 
antennal  lobes  by  a  nerve  (fi'rf),  and  to  the  chain  of  unpaired  ganglia 
by  a  special  connective.    The  first 
pair  of  these  ganglia  sends  nerves 
to  the  heart  and  aorta ;  the  second 
pair  to  the  trachete  of  the  head.  '^ 

The  unpaired  median  or  recur-  ._  ""\, 

rent  nerve  (nr)  extends  back  from  ''■-^ 

imder  the  brain  along  the  upper  "^ 

side  of  the  (esophagus,  and  (in 
Blatta),  behind  the  origin  of  the 

nerves    to    the    salivary    glands,  j/ 

entersanunpaiied  ganglion  called 
the  stomachic    ganglion  [t/iiiiiflioH 

veiilriciilai-e),  situated  in  front  of  ,■ 

the  proven  trie  nlus  The  number 
of  these  stomafhic  ganglia  vanes 
in  different  ordeif,  of  inset ts 

Tn  BlattH,  KUpffer  and  also  II  fer 
have  shown  (Kig  J&-))  (MUller  Brandt 
ea:  Kolbe)  tliat  tlie  nerve  to  each  suit 

vary  gland   arises  from  three   dlRtrent  ni 

cetxrvs :  the  anterior  end  situated  under  Fn-,.  a.^9.  —  Anirrinr  [uirUnn  or  thr  nlrnt 

the  (psophanus  is  innervated  bi  the  fl!j^l"!!il"'^'^f^\i^,""'''^^™„'^li^"^^^^^ 
paired  visceral  nerves  from  the  hinder  ilrbniniataiHl  ihcr>wi>»r'ilu'>iiti-nnBlnrrvi.. 
Ijaired  ffnnglia;  the  remaininK  part  by  len!;iuii''»v.i™T'»rSr^'"™°h)^dr;itp^^ 
nerves  arising  from  each  side  of  the  L^urriniiiu-lii  iVm;.  H«f.  nvrvr  io  wlivarv 
recuireiil  nerve  and  thirdly  by  a  pair  t|'"lSv«i\'l^,n"^rm[Sil,T'ftrtlierUSJ!'-Af. 
of  nerves  arising  from  the  Hub<es  phngcal  ii^r  ilufrr.  rruui  LJing, 
ganglion  which   accompanies   the   c>m 

ni'in  salivary  duct  and  ends  in  branches  which  partly  innervate  the  aalivary 
glands  and  in  part  their  muscleR 

Hofer  considers  that  tlie  function  of  this  complex  system  of  paired 
and  unpaired  ganglia  with  tlieir  ner\  es,  is  a  double  one,  viz.  serving 
both  as  a  centre  foi  the  peristaltu  action  of  the  (esophagus,  and  as 
innervating  the  salnaiv  glands 

Besides  these  a  second  portion  of  the  visceral  system  arises  from 
the  thoracic  and  abdominal  ventral  cord.     It  may  be  seen  in  the 
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simplest  condition  yet  known  in  the  nervous  system  of  Mar*hilis 
(Fig.  2.*^9  8),  It  consists  of  a  fine,  slender  nerve,  which  extends 
along  the  surface  of  the  ventral  chain  of  ganglia,  and  sending  oft  a 
jiair  of  branches  (accessory  transverse  nerves)  in  front  of  each 
ganjjlion.  These  accessory  nerves  receive  nerve-twigs  from  the 
upper  cord  of  the  ventral  chain,  dilating  near  their  origins  into  a 
minute  elongated  ganglion,  and  then  passing  partly  outwards  to  the 
branches  of  the  trachea;  and  the  muscles  of  the  spiracles,  uniting  in 
the  middle  line  of  each  segment  of  the  body  behind  the  head,  i.e.  of 
those  segments  containing  a  pair  of  ganglia. 

e.  The  snpraApiiial  cord  i 

In  the  adult  Lepidoptera  has  been  detected,  continuous  with  and 
on  the  upper  side  of  the  abdominal  ]X)rtions  of  the  ventral  cord,  a 
longitudinal  cord  of  connective  tissue  forming  a  white  or  yellowish 
band,  and  which  seems  to  be  an  outgrowth  of  the  dorsal  portion  of 
the  neurilemma  of  the  ventral  cord.  Muscles  pass  from  it  to  the 
neighboring  ventral  portions  of  the  integument.  Its  use  is  unknown, 
and  attention  was  first  called  to  it  by  Treviranus,  who  called  it  *'  an 
unknown  ventral  vessel"  (BauclujefflsH).  Afterwards  it  was  re-<lis- 
covered  by  Newport,  who  described  it  as  "a  distinct  vascular  canal." 
Hut  Burger  has  proved  by  cross-sections  that  it  is  not  tubular,  but 
a  comparatively  solid  cord  composed,  however,  of  loose  connective 
tissue.  Newport  found  it  in  the  larva  of  Sphinx  Ihjustru  but  (-attie 
states  that  it  is  not  present  in  that  of  Acherontia  ntropos.  It  has 
not  yet  been  observed  in  insects  of  other  orders,  but  its  homologue 
exists  in  the  scorpion  and  in  the  centipede,  and  it  may  prove  to 
correspond  with  the  far  more  complete  arterial  coat  which,  with  the 
exception  of  the  brain,  envelops  the  nervous  system  of  Limulus. 

/.   Modifications  of  the  brain  in  different  orders  of  inaects 

There  are  different  grades  of  cerebral  development  in  insects,  and 
Viallanes  claimed  that  it  was  no  exaggeration  to  say  that  the  brain 
of  the  locust  (Melanoplus)  differs  as  much  from  that  of  the  wasp 
as  that  of  the  frog  differs  from  that  of  man.  He  insists  that  the 
physiological  conditions  which  determine  the  anatomical  modifica- 
tions of  the  brain  are  correlated  with  1,  the  food ;  2,  the  i)er- 
fection  of  the  senses;  and  »3,  with  the  perfection  of  the  psychic 
faculties.  For  exami)le,  in  those  which  feed  on  solid  food  and 
whose  <KS()phagus  is  large  (Orthoptera  and  Coleoptera),  the  con- 
nectives are  elongated,  the  suboesophageal  commissure  free  in  all 
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its  extent,  and  the  tritocerebrum  is  situated  quite  far  from  the  pre- 
ceding segment  of  the  brain. 

On  the  other  hand,  in  insects  which  feed  on  fluid  food  (Hyme- 
noptera,  Lepidoptera,  Diptera,  Hemiptera),  the  oesophagus  is  slender 
and  the  nervous  centres  which  surround  them  are  very  much  con- 
densed ;  the  connectives  are  short,  and  the  tritocerebrum  is  closely 
fused,  partly  to  a  portion  of  the  antennal  lobes  (deutocerebrum) 
and  partly  to  the  mandibular  ganglion. 

As  regards  the  perfection  of  the  senses,  where,  as  in  dragon-flies, 
the  eyes  are  very  large,  the  optic  ganglia  are  correspondingly  so, 
and  in  the  same  insects  the  antennae  being  very  small,  the  antennal 
lobes  are  almost  rudimentary.  The  ants  exhibit  inverse  conditions ; 
in  their  brain  the  antennal  lobes  are  well  developed,  while  the  optic 
ganglia  are  reduced,  and  where,  as  in  Typhlopone,  the  eyes  are 
wanting,  they  are  completely  atrophied. 

In  certain  cave  insects  where  the  eyes  are  wanting,  the  optic 
ganglia  are  also  absent.     In  the  eyeless  cave  species  of  Anophthal- 


FiG.  '2M.  —  Head  of  Anopkthal-  Fio.  257.  —  Head  of  another  Carabid,  with  the  brain  and 

muM  tellkiimitfti,  Ahowlnfr  the  brain,        eyes  normal :  oj)^  optic  ganglion  ;  />c/,  brain. 
—  the  optic  ^anjrlla,  nerves,  and  eyes 
totally  atrophied. 

mus  the  optic  ganglia  and  nerves  are  entirely  atrophied,  as  they  are 
in  Adelops,  which,  however,  has  vestiges  of  the  facets  (ommatidia). 
Fig.  257  represents  the  brain  of  Chkpnhia  pennsylraiu'cuSj  a  Carabid 
beetle,  with  its  eyes  and  optic  ganglia  (op)  which  may  be  compared 
with  Anopthalmus,  in  which  these  parts  are  totally  atrophied. 

Dujardin  claimed  that  the  degi*ee  of  complication  of  the  stalked 
body  of  the  Hymenoptera  was  in  direct  relation  with  their  mental 
powers.  This  has  been  proved  by  Forel,  who  has  shown  that  in  the 
honey  bee  and  ants  the  mushroom  bodies  are  much  more  developed 
in  the  workers  than  in  the  males  or  females  and  Viallanes  adds 
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tliat  these  bodies  are  almost  rudimentary  in  the  dr^on-tlies,  whose 
eyes  aie  so  lar^ ;  while  on  the  contrary  11  the  blind  ants  (Typhlu- 


t^h 


pone),  these  bodies  are  as  ])erfect  and  votnminons  as  in  the  ants 
with  eves. 
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Within  the  limits  of  the  same  order  the  stalked  bodies  are  most 
perfect  in  the  most  intelligent  forms.  Thus  in  the  Orthoptera,  says 
Viallanes,  the  Blattse,  Forliculae,  and  the  crickets,  the  mushroom 
bodies  are  more  perfect  than  in  the  locusts,  which  have  simpler 
herbivorous  habits.  This  perfection  of  the  mushroom  bodies  is  seen 
not  only  in  the  increase  in  size,  but  also  in  the  complication  of  its 
structures.  Thus  in  the  groups  with  lower  instincts  (Tabanus, 
iEschna)  the  stalk  does  not  end  in  a  calyx  projecting  from  the 
surface  of  the  brain,  but  its  end,  simply  truncated,  is  indicated 
externally  only  by  an  accumulation  of  the  ganglionic  nuclei  which 
cover  it.* 

In  types  which  Viallanes  regards  as  more  advanced,  i.e.  Q^dipoda 
and  Melanoplus,  the  end  of  the  stalk  projects  and  is  folded  into  a 
calyx. 

The  brain  of  the  cockroach  (Periplaneta,  Fig.  258)  is  a  step  higher 
than  that  of  the  locusts,  each  calyx  being  divided  into  two  adjacent 
calices,  although  the  cockroaches  are  an  older  and  more  generalized 
type  than  locusts. 

The  stalked  bodies  of  cockroaches  are  thus  complex,  like  those 
of  the  higher  Hymenoptera,  the  calices  in  Xylocopa,  Bombus,  and 
Apis  being  double  and  so  large  as  to  cover  almost  the  entire  surface 
of  the  brain. 

Finally,  in  what  Viallanes  regards  as  the  most  perfect  type  ( Vespa), 
the  sides  of  the  calices  are  folded  and  become  sinuous,  so  as  to  increase 
the  surface,  thus  assuming  an  appearance  which,  he  claims,  strongly 
recalls  that  of  the  convolutions  of  the  brain  of  the  mammals. 

Cheshire  also  calls  attention  to  a  progression  in  the  size  of  these  appendages, 
as  well  as  in  mental  powers  as  we  rise  from  the  cockchafer  {Melolontha  vul- 
garis) to  the  cricket,  up  to  the  ichneumon,  then  to  the  carpenter  bee,  and  finally 
to  the  social  hive  bee,  *' where  the  pedunculated  bodies  form  the  I  part  of  the 
volume  of  the  cerebral  mass,  and  the  ^i^  of  the  volume  of  the  entire  creature, 
while  in  the  cockchafer  they  are  less  than  the  ^ijVtr  part.  The  size  of  the  brain 
is  also  a  gauge  of  intelligence.  In  the  worker  bee  the  brain  is  jlj  of  the  body  ; 
in  the  red  ant,  ^^^ ;  in  the  Melolontha,  73^5;  in  the  Dyticus  beetle,  f^'oo*" 
(Bees  and  bee-keeping,  p.  64.) 

g.  FnnctioiiB  of  the  nerve-centroB  and  nerves 

As  we  have  seen,  the  central  seat  of  the  functions  of  the  nervous 
system  is  not  the  brain  alone  (supraoesophageal  ganglion),  but  each 
ganglion  is  more  or  less  the  seat  of  vital  movements,  those  of  the 

1  Viallanes'  assertion  that  the  instincts  of  the  horse-flies  and  dragon-flies  are 
*' lower''  than  those  of  the  locusts,  may,  it  neems  to  us,  well  be  questioned. 


244  TEXT-BOOK  OF  EXTOMOLOGY 

abdomen  being  each  a  distinct  motor  and  respiratory  centre.  The 
two  halves  of  a  ganglion  are  independent  of  each  other. 

According  to  Faivre,  the  brain  is  the  seat  of  the  will  and  of  the 
power  of  coordinating  the  movements  of  the  body,  while  the 
infraoesophageal  ganglion  is  the  seat  of  the  motive  power  and  also 
of  the  will. 

The  physiological  experiments  of  Binet,  which  are  in  the  line  of 
those  of  Faivre,  but  more  thorough,  demonstrate  that  an  insect  may 
live  for  months  without  a  brain,  if  the  sulxBsophageal  ganglion  is 
left  intact,  just  as  a  vertebrate  may  exist  .without  its  cerebrum.  As 
Kenyon  says :  "  Faivre  long  ago  showed  that  the  suboesopliageal 
ganglion  is  the  seat  of  the  power  of  coordination  of  the  muscular 
movements  of  the  body.  Binet  has  shown  that  the  brain  is  the 
seat  of  the  power  directing  these  movements.  'A  debrained  liexa- 
pod  will  eat  when  food  is  placed  beneath  its  palpi,  but  it  cannot  go 
to  its  food  even  though  the  latter  be  but  a  very  small  space  removed 
from  its  course  or  position.  Whether  the  insect  would  be  able  to 
do  so  if  the  mushroom  bodies  only  were  destroyed,  and  the  antenual 
lobes,  optic  lobes,  and  the  rest  of  the  brain  were  left  intact,  is  a 
question  that  yet  remains  to  be  answered ' "  (Kenyon). 

In  insects  which  are  beheaded,  however  readily  they  respond  to 
stimulation  of  the  nerves,  they  are  almost  completely  wanting  in 
will  power.  Yet  insects  which  have  been  decapitated  can  still  walk 
and  fly.  Hymenoptera  will  live  one  or  two  days  after  decapitation, 
beetles  from  one  to  three  days,  and  moths  (Agrotis)  will  show  signs 
of  life  five  days  after  the  loss  of  their  head. 

That  the  loss  of  will  power  is  gradual  was  proved  by  decapitating 
PoliHtes  pall i pen.  A  day  after  the  operation  slie  was  standing  on  her 
legs  and  oj)ening  and  closing  her  wings;  41  hours  after  the  operati(m 
she  was  still  alive,  moving  her  legs,  and  thrusting  out  her  sting  when 
irritated.  Ichneumou  otiosun,  after  the  removal  of  its  head,  remained 
very  lively,  and  cleaned  its  wings  and  legs,  the  power  of  coordination 
in  its  wings  and  legs  remaining.  A  horse-fly,  a  day  after  decai)ita- 
tion,  was  lively  and  flew  about  in  a  natural  manner.* 

When  the  abdomen  is  cut  off,  resi)irati(m  in  that  region  is  not  at 
first  internipted.  The  seat  of  respiratory  movements  was  referred 
by  Faivre  to  the  hinder  thoracic  ganglion,  but  Plateau  says  that  this 
view  must  be  entirely  abandoned,  remarking:  ^*  All  carefully  per- 
formed experiments  on  the  nervous  system  of  Arthroi)oda  have 
shown  that  each  ganglion  of  the  ventral  chain  is  a  motor  centre,  and 

1  A.  S.  Packard,  Exiieriments  on  the  vitalitj'  of  insects,  Psyche,  ii,  17.  1*^77 
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in  insects  a  respiratory  centre,  for  the  somite  to  which  it  belongs  " 
(Miall  and  Denny's  The  Cockroach,  p.  164). 

The  last  pair  of  abdominal  ganglia  serve  as  tne  nervous  centre 
of  the  nerves  sent  to  the  genital  organs. 

The  recurrent  or  stomatogastric  nerve,  which,  through  the  medium 
of  the  frontal  ganglion,  regulates  digestion,  has  only  a  slight  degree 
of  sensibility ;  the  insect  remains  quiet  even  when  a  powerful  allure- 
ment is  presented  to  the  digestive  tract  (Kolbe). 

Faivre  states  that  the  destruction  of  the  frontal  ganglion,  or  a 
section  of  the  commissures.connecting  it  with  the  brain,  puts  an  end 
to  swallowing  movements;  on  the  other  hand,  stimulation  results 
in  energetic  movements  of  this  nature. 

Yersin,  by  cutting  through  the  commissure  in  different  places,  and 
thus  isolating  the  ganglia  of  the  nervous  cord  of  OrylliLS  campestris, 
arrived  at  the  following  results :  — 

1.  The  section  of  a  nerve  near  its  origin  rendered  the  organ  sup- 
plied by  this  nerve  incapable  of  performing  its  functions. 

2.  If  the  connectives  between  two  ganglia,  i.e,  the  second  and  third 
thoracic  ganglia,  are  cut  through,  the  fore  as  well  as  hinder  parts  of 
the  body  retain  their  power  of  motion  and  sensation ;  but  a  stimulus 
applied  to  the  anterior  part  of  the  body  does  not  pass  to  the  hinder 
portion. 

.*3.  Insects  with  an  incomplete  metamorphosis  after  section  of  the 
connectives  are  not  in  every  case  unable  to  moult  and  to  farther 
develop. 

4.  If  only  one  of  the  two  connectives  be  cut  through,  the  append- 
ages of  the  side  cut  through  which  take  their  origin  between  the 
place  injured  and  the  hinder  end  of  the  body,  often  lose  sensation 
and  freedom  of  motion,  or  the  power  of  coordination  of  movements 
becomes  irregular.  Sometimes  this  is  shown  by  an  unsteadiness  in 
the  gait,  so  that  the  insect  walks  around  in  a  circle ;  after  a  while 
these  irregularities  cease,  and  the  movements  of  the  limbs  on  the 
injured  side  are  only  slightly  restrained.  By  a  section  of  both  con- 
nectives in  any  one  place  the  power  of  coordination  of  movements  is 
not  injured. 

5.  The  section  of  the  connectives  appear  to  have  no  influence  on 
nutrition,  but  affects  reproduction,  the  attempt  at  fertilization  on  the 
part  of  the  male  producing  no  result,  and  the  impregnated  female 
laying  no  eggs. 

6.  Injury  to  the  brain,  or  to  the  suboesophageal,  or  one  of  the 
thoracic  ganglia,  is  followed  by  a  momentary  enfeeblement  of  the 
ganglion  affected.     Afterwards  there  results  a  convulsive  trembling, 
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which  either  pervades  the  whole  body  or  only  the  appendages 
innervated  by  the  injured  ganglion. 

7.  As  a  result  of  an  injury  to  the  brain  there  is  such  a  lack  of 
steadiness  in  the  movements  that  the  insect  walks  or  flies  in  a  circle ; 
for  instance,  a  fly  or  dragon-fly  thus  injured  in  flying  describes  a 
circle  or  spiral.  Steiner,  in  making  this  experiment,  observed  that 
the  insect  circled  on  its  uninjured  side.  The  brain  is  thus  a  motor 
centre. 

8.  By  injuring  a  thoracic  ganglion,  one  or  all  the  organs  which 
receive  nerves  from  the  ganglion  are  momentarily  weakened.  After- 
Avards  the  functions  become  restored.  Sometimes,  however,  the 
insect  walks  in  a  circle.  Faivre  observed  that  after  the  destruction 
of  the  metathoracic  ganglion  of  Dyticus  marginalis  the  hind  wings 
and  hind  legs  were  partially  paralyzed  (Kolbe,  ex  Yersin). 
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THE   SENSOKY   ORGANS 

a.  Tbe  eyes  and  Insect  vlaion 

Of  the  eyes  of  insects  there  are  two  kinds,  the  simple  and  the 
compound.  Of  the  former  there  are  usually  three,  arranged  in  a 
triangle  near  the  top  of  the  head,  between  the 
eoni]K)und  eyes  (Fig.  2i>9,  B).  The  »»mpound  or 
facetted  eyes,  which  are  usually  round  and  promi- 
nent, differ  much  in  size  and  in  the  nuuiber  of 
facets. 

The  number  of  facets  varies  from  12  in  Lepisma, — 
though  in  a  Brazilian  beetle  (Lathridius)  there  are  only 
seven  unequal  facets,  —  to  60  in  the  ant,  and  up  to  4000 
in  Uie  hou8e-tly,  li.OOO  In  Acheroiitla  alropos,  17,000  in 
I'apilio,  20,000  in  the  dragoii-fly  (-lllschna),  25,000  in  a 
beetle  (Mordella),  while  in  N/ihinx  convolvuli.  the  number 
reaches  27,000.  The  size  of  the  facets  seems  to  bear  some 
relation  Co  that  of  the  insect,  but  even  in  the  smallest 
species  none  have  been  observed  leas  than  jninii  °^  *^  inch 
in  diameter.  Day -Hying  Lepidoptera  have  smaller  facets 
than  motliH  (Lubbock). 


Fin,    !».  —  IHffireiH 

Fio.  J«n.  — a»ctlon  IhroiiEh  tin  ucflliis  c.r«  yoiinit  l>vttcn»  ]»rv»:  i(.»m*frli«.   r.drnne. 

el.  nillcuta:  /,  ™.ni«l  Ions ;  (rt.  c*IJ»  of  ilii.  vllreoiii.  bodv.  hplne  mnillfted  f-  ""l*^  ""•'".  ■  ^"'"f*^ 

hyiKMlprrnnl  cells  (hy);  nl.  rods;  rr.  nllnil  wlls:  tin,  «iitlc  ntrve.  -  Inwct.  —  from   Jmlflcli 

ArwrOr..nmcher,fh.iii  Lrnif,  »'id  -SHwh*. 

The  simple,  or  slngle-lensed  eye  (ocellus).  —  Morphologically  the 
simjile  eye  is  a  inoilified  portion  of  tlie  ectoderm,  the  pigment 
enclosing  tlie  retinal  cells  arising  from  specialized  hypodermal  cells, 
and  covered  by  a  specialized  transparent  portion  of  the  cuticula, 
forming  the  corneal  lens.  The  apparatus  is  supplied  with  a  nerve, 
the  fibres  of  which  end  in  a  rod  or  solid  nerve-ending,  as  in  other 
sensory  organs. 

As  seen  in  the  ocellus  of  Dyticus  (Fig.  260),  under  the  corneal 
lens  the  hypoderniis  foruks  a  sort  of  ])it,  and  the  cells  are  modified 
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to  form  the  vitreous  body  (vitrella)  and  retina.  Each  retinal  cell 
(;re)  is  connected  with  a  fibre  from  the  optic  nerve,  contains  pigment, 
and  ends  in  a  rod  directed  outwards  towards  the  lens.  The  cells  at 
the  end  of  the  pit  or  depression  are,  next  to  the  lens,  without  pig- 
ment, and,  growing  in  between  the  retina  and  the  lens,  fill  it  up,  and 
thus  form  a  sort  of  vitreous  body. 

The  ocellus  appears  to  be  a  direct  heirloom  from  the  eyes  of  worms,  while  the 
many-facetted  compound  eye  of  the  crustaceans  and  of  insects  is  peculiar  to 
these  classes.  The  compound  eye  of  the  myriopud  Scutigera  differs  structurally 
in  many  respects  from  the  compound  eye  of  insects,  and  that  of  Limulus  still 
more  so. 

It  should  be  observed  that  in  the  young  nymph  of  Ephemera,  as  well  as  in  the 
semi-pupa  of  Bombus,  each  of  the  three  ocelli  are  situated  on  separate  sclerites. 
In  Bombus  the  anterior  ocellus  has  a  double  shape,  being  broad,  transversely 
ovate,  and  not  round  like  the  two  others,  as  if  resulting  from  the  fusion  of  what 
were  originally  two  distinct  ocelli. 

The  ocelli  are  not  infrequently  wanting,  as  in  adult  Dermaptera,  in  the  Locus- 
tidge,  and  in  certain  Hemiptera  (Hydrocora).  In  Lepidoptera  there  are  but  two 
ocelli ;  in  geometrid  moths  they  are  often  atrophied,  and  they  are  absent  in 
butterflies  (except  Pamphila). 

The  compound  or  facetted  eye  (ommateum).  —  The  facetted  arthropod 
eye  is  wonderfully  complex  and  most  delicately  organized,  being  far 
more  so  than  that  of  vertebrates  or  molluscs.  The  simplest  or  most 
primitive  facetted  eye  appears  to  be  that  of  Lepisma.  As  stated  by 
Watase,  the  compound  eye  of  arthropods  is  morphologically  "a 
collection  of  ectodermic  pits  whose  outer  open  ends  face  towards  the 
sources  of  light,  and  whose  inner  ends  are  connected  with  the  central 
nervous  system  by  the  optic  nerve  fibres." 

The  facetted  eye  is  composed  of  numerous  simple  eyes  called 
ommatidia,  each  of  which  is  complicated  in  structure.  The  ele- 
ments which  make  up  an  oinmatidiuin  are  the  following:  (1)  The 
facet  or  cornea,  which  is  a  specialized  portion  of  the  cuticula ;  and 
(2),  the  crystalline  lens  or  cone ;  (3),  the  nerve-ending  or  retinula^ 
which  is  formed  out  of  the  retinula  cells  and  the  rJiabdom  or  rod 
lying  in  its  axis ;  and  (4)  of  the  pigment  enclosing  the  lens  and  rod ; 
the  last  three  elements  are  derived  from  the  hypodermis.  The 
single  eyes  are  separated  from  each  other  by  pigment  cells. 

The  facet  or  cornea.  —  This  is  biconvex,  clear,  transparent,  usually 
hexagonal  in  outline,  and  refracts  the  light.  The  corneal  lenses  are 
cast  in  moulting. 

The  corneal  lenses  are  circular  in  most  cases  where  they  are  very  convex,  as 
in  Lathridius  and  Batocera.  The  hexagonal  ones  are  very  irregular.  When 
they  are  very  convex  the  eye  has  a  granular  appearance,  but  when  not  greater 
than  the  convexity  of  the  eye  itself,  the  eye  appears  perfectly  smooth  (Bolbo- 
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ceniR.  etc.).  The  fiiceta  in  the  lower  part  of  the  eye  of  Dmeut«s  are  a  tritle 
larger  than  in  the  upper  part  (about  nine  to  ten).  In  many  insects  the  reverse 
is  the  case,  the  upper  facets  being  larger  than  the  lower,  a  notable  instance  being 
Anax.  The  intervening  lines  between  the  facets  are  often  beset  with  hairs,  some- 
times very  long  and  dense,  as  in  the  drone  bee  and  'I'richophthalmus  ;  and  the 
modificatioiia  of  the  hairs  into  scales  which  takes  place  on  the  body  occurs  on 
the  eyes  also,  the  scales  on  the  eyes  nf  some  beetles  of  the  family  Colydiidie 
being  very  large,  amtugedin  lines  over  the  eyes  like  touibslones  (TrachyphoiiB).' 

The  crystalline  lens  or  cone.  —  Behind  or  within  the  facets  Ih  a 
layer  coiuiiosed  of  the  cones,  behind  which  are  the  layers  of  retiuulae 


Fio.  Ml.  —  ShUdd  Ihrnuith  tiiiiefeat$.ti- {Miurn  roinHoHaU  c,  cnmeB,  nrllHsi;  pcjfta. 
diMnnv:  r.  iBtlnuU;  B/i,  rhEMom;  /I'j'.  fa*,  jiff",  iitBiiiBnl  «ll» ;  b.m,  bunllur  inembniic ;  T.  Tr,. 

u.iip.  iwTiniiilMD' :  II. I-,  nnclrl;  •n'^.t,  Bxtte-eM  iJinlli;  A'./,  ittcuialiag  nerve-Htirtt. •- AntT 
llianun.  fn>iu  Lubbock. 

and  rliabdoms,  and  whicli  cori-eapoiid  to  the  layer  of  rods  and  cones, 
but  not  the  retina  as  a  whole,  of  vertebrate  animals. 

The  crystalline  lens  is,  when  present,  iistially  inoi'C  or  less  conical, 
and  consists  of  four  or  more  hyiiotlermis-cells. 

The  cones  are  of  various  shapes  and  sizes  in  insects  of  different 
groups,  or  are  entirely  wanting,  and  (irenacher  haa  divided  the  ejes 
of  insects  into  eucone,  pHendocvue,  and  aroite.  As  the  ]>seiidocuiie 
seems,  however,  to  be  rather  a  modification  of  the  eucone  eye,  the 
following  division  may  be  made  :  — 

1.    Eucone    eyes,    comprising   those  with   a  well-developed   cone. 

They  occur  in  Lepisma,  Ulatta  (Fig.  262),  and  other  Orthoptera, 

in  Neuroptera,  in   Cicadidse,  in  those  Coleoptera   with   five  tarsal 

1  Waterhouso,  Truna.  Enl.  *«.,  London,  1889,  p.  lutiv. 
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joints,  in  the  dipterous  genus  Corethra,  and  in  the  Lepidopt«ra  and 
Hymenoptera  (Fig.  2<j;J).  y -s^ 


a.  Pseiidoeone  eyes ;  in  which,  instead 
of  the  crystalline  lens  or  cone,  there 
are  four  cells  filled  with  a  transjjarent 
fluid  medium,  and  a  smaller  protoplasmic  j 
portion  containing  a  nucleus  (Muscids, 
Fig.  L>!J4,  pc).  Hickson  states  that  the 
difference  bptween  the  pucone  and  pseu- 
docone  eyes  lies  in  the  fact  that  in  the 
paeudocone  eye  "the  refracting  body 
formed  by  the  coue-<rell  lies  behind  the 
nuclei,"  and  in  the  eucone  eye  in  front 
of  it. 

2,  Acotie  eyes,  where  the  cone  or  re-  r" 
fracting  body  is  wanting,  bnt  is  rejjre- 
sented  by  the  foiir  ]>rimitive  cone-cells. 
Acone  eyes  occur  in  FnrficnlidEe. 
Hemiiitera  (except  Cicadidw),  the  ne- 
matocei-oiis  I>iptera  (Tipnla,  etc.),  and 
those  Coleoptera  which  have  less  than 
five  tarsal  joints. 
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The  retinula  and  rod.  —  The  retinula  is  morphologically  a  nerve- 
end  cell,  aitiiated  at  the  end  of  a  nerve-fibril  arising  from  the  optic 
nerve.  The  elements  of  the  retinula  of  Musca  are  six  in  number 
and  surround  the  rkabdom  (Fig,  2G4),  which  consists  of  a  bundle  of 
six  long,  delicate  chitinous  rods,  more  or  leas  firmly  united  together 
(Fig.  264,  «). 

The  six  elements  of  the  retinula  of  Musca  are  in  their  outer  or 
distal  portion  free  from  one  another,  but  towards  their  base  are 
fused  into  a  sheath  (Fig.  264,  r).  They  are  true  nerve-end  cells,  as 
shown  by  Muller  and  by  Max  Schultze,  their  views  having  been  con- 
firmed by  Grenacher  and  by  Hiekson.  The  relations  of  the  nerves 
to  the  rods  after  passing  through  the  basal  membrane  is  seen  in 
Fig.  26fi. 

The  pigment. — The  cones  or  pseudoconea  are  mostly  buried  in 
pigment,  as  well  as  the  rods ;  and  the  pigment  forms  two  layers. 
The  outer  of  the  two  layers  is  called  the  iris  pigment  (Fig.  205,  e, 
!>(>  tapetum),  and  the  inner  (f)  the  retinal  pigment. 

Between  the  oramatidia  internally  there  occur,  according  to  Hick- 
son,  pigment  cells  (Fig.  264,  p.gs),  each  of  which  stands  on  the  basilar 
membrane  and  sends  a  fine  process  outwards  towards  the  internal 
process  of  the  external  pigment-cell  (ji.jj).  A  long,  slender  tracheal 
vesicle  also  passes  in  between  the  retinulie. 

The  basilar  membrane.  —  This  is  a  thin  fenestrate 
membrane  (Fig.  2(M)  separating  the  cones  and 
rods  from  the  optic  tract  (Fig.  264,  b.m).  It  is 
perforated  for  the  passage  of  tracheal  diverticula 
and  of  the  optic  nerve  fibrils.     It  separates  the  , 

dioptric  or  instrumental  portion  of  the  eye  from 
the  percipient  portion,  (.e.  the  optic  tract. 

The  optic  tract — This  is  the  optic  ganglion  of 
earlier  writei-s,  and  appears  to  be  the  percipient      , 
portion  of  the  eye,  as  opposed   to  the  dioptric 
portion.      If  the  reader  will  examine  Figs.  249 
and   261,   he  will  see  that   it  consists  of  thi-ee 
distinct  ganglionic  swellings,  i.e.  the  opticon,  epi- 
opticon,  and  perioptlcon,  whose  structure  is  very 
complicated.     In  Musca  (Fig.  2C1)  the  first  gan- 
glionic swelling  (opticon)  is  separated  from  the  matirtin'  from  tho  eye 
brain  by  a  slight  constrjetion,  which  Berger  regards  x  iw"  *^,"comeiiT''i! 
as  the  homologue  of  the  optic  nerve  of  the  other  u»r  meu^bmn",'"  wiui 
arthroiKida.      It  consists  of  a  very  fine  granular  li*"*,  trls^piBmen^'"^^ 
matrix  traversed  throughout  by  a  fine  meshwork  E^n*',  Iwinshuli'.'*''" 
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of  minute  fibrillifi,  the  neurospoogiuu  of  HkVstya.  In  the  joong 
c'Mikrrjocb  rFeriplan*rta>  the  oi>tit-  nerve  separating  the  cerebral 
^n^lion  from  the  oiiticon  is  much  longer  in  proportion  than  it  is  in 
the  adult  blow-fly. 

The  swond  ganKlionit-  swelling  (epioptit-on.  Fig.  261,  f.njit  is 
seiiarated  from  the  ©iiticon  by  a  tract  of  fiue  nene- fibrils,  which 
(lartiully  de<;u.ssate;  at  the  decussation  two  or  three  larger  nerie- 
cells  may  be  seen.  It  also  contaius  a  few  scattered  oerre-ceUs  {n.ef. 
The  third  ganglionic  swelling  (peri- 
opticon.  p.opj  is  separated  from  the 
others  by  a  bundle  of  long  optic 
nerve-librils,  which  cross  one  another. 
It  is  composed  of  a  number  of  cylin- 
drical ma-sses  of  neurospongium 
arranged  side  by  side  (Fig.  261, 
p.opi.  Between  these  elements  of 
the  i>erioiiticon,  which  do  not  seem 
to  Ijear  any  relation  to  the  number 
of  ommatidia,  a  single  nerve-cell  is 
very  freiiuently  seen.  The  periojiti- 
con  does  not  occur  in  Periplaueta  and 
Nepa  (Hicksoii)-  The  three  optic 
ganglia  thus  described,  together  with 
the  cerebral  ganglia,  are  surrounded 
bv  a  sheath  of  densely  packed  nerve- 
cells. 


rl  thu  hlriiKlnr*  i.f  ilii- 
■    ■■      ,    1.  Th.-tlr.tlBV. 

't^"""    P'**''''"n  llirouf;h  Ihe  periopticon,  it  will  be 

II HIT.  IN  wiiii'ii  uit:  niiiiiH  in-  rnUrriwI    wtfll  t<i  read  the  following  account,  by  Hick- 

iZii'i-'uiiS  ii"r"-MI.'''<'"TlitI'ta  "r"ln  *""■  "'  ""^  terminal  anastomosis  of  tbe 
oiikii  iiii'o|iih' niiHinnrpc'iiiM-Uid  in  hun-  optic  fibrila  in  the  i)erioplicon  ot  Agrion 
'b!!iIu"il™i?™"|!''"'Inl'rH'kk'Jin''^'' ''■'"'  '"■'■"'■<■"""".  »"d  to  examine  hia  skelcli 
(Ki«.  MTO): 
■>  Tilt:  terminal  anatttoinoxin  of  A^ion  may  be  convenieiitty  divided  into  [our 
n-i;ii>nH.  FirHt  the  rcftion  (1)  lying  nearest  to  tlie  periopticnii  in  which  Ihe 
nerve-ci'lln  are  iiumeniiui,  and  the  fibrilH  leaving  the  periopticon  form  ii  compli- 
i-Jltiil  pIcxUH;  the  region  (2)  next  to  thin,  in  which  the  flbrilH  have  collected  Into 
liundlcH  Ke|>arateil  by  HjiaccH  occupied  by  very  tbin-walled  tracbeie  in  which 
there  am  no  Kplral  marklngii,  and  lymph-Hpaccx;  next,  the  region  (3)  in  which 
the  llbrilH  ronii  a  final  plexus,  and  in  which  there  are  again  a  considerable  num- 
ber iif  iii'rve-vells ;  and,  lastly,  the  ref;lnn  (4)  in  which  the  flbrils  are  again  col- 
lectfd  Intii  bundles,  Hcparated  by  spaces  conialning  trachece,  which  perforate  the 
l)B«ein«nt  membrane  tcj  supply  the  relinulffi." 

Il  would  m-i-tu  as  if  the  decussation  of  the  optic  nerve-fibrils  were  a  matter  of 


MODE   OF  VISION  BY  OCELLI  255 

primary  importance,  as  it  so  generally  occurs,  but  in  the  young  of  that  most 
generalized  of  all  pterygote  insects,  the  cockroach  (Periplaneta),  Hickson  states 
that  the  optic  nerve-fibrils  which  leave  the  periopticon  pass  without  decussating 
to  the  ommateum,  and  in  the  adult  there  is  only  a  partial  decussation.  In 
Nepa  there  is  no  decussation,  but  the  anastomosis  is  complicated  by  the  pres- 
ence of  looped  and  transverse  anastomoses. 

Looking  at  the  eye  as  a  whole,  Hickson  regards  all  the  nerve 
structure  of  the  eye  lying  between  the  crystalline  cone-layer  and  the  . 
true  optic  nerve  to  be  analogous  with  the  retina  of  other  animals. 
AVith  Ciaccio,  Berger,  and  others,  he  does  not  regard  the  layer  com- 
posed of  the  retinulae  and  rhabdoms  as  the  equivalent  of  the  retina 
of  vertebrates,  etc. 

Origin  of  the  facetted  eye.  —  The  two  kinds  of  eye,  the  simple  and 
the  compound,  are  supposed  to  have  been  derived  from  a  primitive 
type,  resembling  the  single  eye  (ommatidium)  of  the  acone  eye  of 
Tipula.  As  stated  by  Lang,  "an  increase  of  the  elements  of  this 
primitive  eye  led  to  the  formation  of  the  ocellus;  an  increase  in 
number  of  the  primitive  eyes,  and  their  approximation,  led  to  the 
formation  of  the  compound  facet  eye."  This  view  is  suggested,  he 
says,  by  the  groups  of  closely  contiguous  single  eyes  of  the  rayrio- 
pods,  considered  in  connection  with  the  compound  eye  of  Scutigera. 
Grenacher  looks  upon  simple  (ocelli)  and  compound  eyes  as  **  sisters," 
not  derived  from  one  another,  but  from  a  common  parentage. 

Immature  insects  rarely  possess  compound  eyes ;  they  are  only  known  to 
occur  in  the  nymphs  of  Odonata  and  Ephemeridse,  and  in  the  larvse  and  pupa  of 
Corethra. 

Mode  of  vision  by  single  eyes  or  ocelli.  —  In  their  simplest  condi- 
tion, the  eyes  of  worms  and  other  of  the  lower  invertebrates,  prob- 
ably only  enable  those  animals  to  distinguish  light  from  darkness. 
The  ocelli  of  spiders  and  of  many  insects,  however,  probably  enable 
them,  as  Lubbock  remarks,  to  see  as  our  eyes  do.  The  simple  lens 
throws  on  the  retina  an  image,  which  is  perceived  by  the  fine  ter- 
minations of  the  optic  nerve.  The  ocelli  of  different  arthropods 
differ,  however,  very  much  in  degree  of  complexity. 

MUller  considered  that  the  power  of  vision  of  ocelli  "  is  probably 
confined  to  the  perception  of  very  near  objects." 

'*This  may  be  inferred,"  MUller  states,  "partly  from  their  existing  princi- 
pally in  larvse  and  apterous  insects,  and  partly  from  several  observations  which 
I  have  made  relative  to  the  position  of  tliese  simple  eyes.  In  the  genus  Enipusa 
the  head  is  so  prolonged  over  the  middle  inferior  eye  that,  in  the  locomotion  of 
the  animal,  the  nearest  objects  can  only  come  within  the  range.  In  Locttsta 
comiita,  also,  the  same  eye  lies  beneath  the  prolongation  of  the  head.  ...     In 
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the  Orthoptera  generally,  also,  the  simple  eyes  are,  in  consequence  of  the  de> 
pressed  position  of  the  head,  directed  downwards  towards  the  surface  upon 
which  the  insects  are  moving.**^  Lowne  considers  that  in  the  ocellus  of  Eris- 
talis,  the  great  convexity  of  the  lens  must  give  it  a  very  short  focus,  and  the 
comparatively  small  number  of  rods  render  the  picture  of  even  very  near  objects 
quite  imperfect  and  practically  useless  for  purposes  of  vision,  and  that  the  func- 
tion of  the  ocelli  is  '*  the  perception  of  the  intensity  and  the  direction  of  light, 
rather  than  of  vision,  in  the  ordinary  acceptation  of  the  term/' 

Reaumur,  Marcel  de  Serres,  Dug^s,  and  Forel  have  shown  by  experiment, 
that  in  insects  which  possess  both  ocelli  and  compound  eyes,  the  former  may  be 
covered  over  without  materially  affecting  the  movements  of  the  animals,  while  if 
the  facetted  eyes  are  covered,  they  act  as  if  in  the  dark  (Lubbock). 

While  Plateau  regards  the  ocelli  as  of  scarcely  any  use  to  the  insect,  and 
Forel  claims  that  wasps,  humble  bees,  ants,  etc.,  walk  or  fly  almost  equally  well 
without  as  with  the  aid  of  their  ocelli,  Lubbock  demurs  to  this  view,  and  says 
the  same  experiments  of  Forel's  might  almost  be  quoted  to  prove  the  same  with 
reference  to  the  compound  eyes.  Indeed,  the  writer  has  observed  that  in  caves, 
eyeless  beetles  apparently  run  about  as  freely  and  with  as  much  purpose,  as  their 
eyed  relatives  in  the  open  air. 

Plateau  has  recently  shown  that  caterpillars  which  have  ocelli  alone  are  very 
short-sighted,  not  seeing  objects  at  a  distance  beyond  one  or  two  centimetres, 
and  it  has  been  fully  proved  by  Plateau  and  others,  that  spiders,  with  their  well- 
formed  ocelli,  are  myopic,  and  have  little  power  of  making  out  distinctly  the 
shape  of  the  objects  they  see. 

On  the  whole,  we  are  rather  inclined  to  agree  with  Lubbock  and  Forel,  that 
the  ocelli  are  useful  in  dark  places  and  for  near  vision.  They  are,  as  Lubbock 
states,  especially  developed  in  insects,  such  as  ants,  bees,  and  wasps,  which  live 
partly  in  the  open  light  and  partly  in  the  dark  recesses  of  nests.  Moreover,  the 
night-flying  moths  nearly  all  possess  ocelli,  while  with  one  known  exception 
(Pamphila)  they  are  wanting  in  butterflies. 

Finally,  remarks  Lubbock,  **  Whatever  the  special  function  of  ocelli  may  be, 
it  seems  clear  that  they  must  see  in  the  same  manner  as  our  eyes  do  —  that  is  to 
say,  the  image  must  be  reversed.  On  the  other  hand,  in  the  case  of  compound 
eyes,  it  seems  probable  that  the  vision  is  direct,  and  the  difficulty  of  accounting 
for  the  existence  in  the  same  animal  of  two  such  different  kinds  of  eyes  is  cer- 
tainly enhanced  by  the  fact  that,  as  it  would  seem,  the  image  given  by  the 
medial  eyes  is  reversed,  while  that  of  the  lateral  ones  is  direct**  (p.  181). 

Mode  of  vision  by  facetted  eyes.  —  The  complexity  of  the  facetted 
eyes  of  insects  is  amazing,  and  difficult  to  account  for  unless  we 
accept  the  mosaic  theory  of  Muller,  who  maintained  that  the  dis- 
tinctness of  the  image  formed  by  such  an  eye  will  be  greater  in 
proportion  to  the  number  of  separate  cones.  His  famous  theory  is 
thus  stated :  "  An  image  formed  by  several  thousand  separate  points, 
of  which  each  corresponds  to  a  distinct  field  of  vision  in  the  external 
world,  will  resemble  a  piece  of  mosaic  work,  and  a  better  idea  cannot 
be  conceived  of  the  image  of  external  objects  which  will  be  depicted 
on  the  retina  of  beings  endowed  with  such  organs  of  vision,  than  by 
comparing  it  with  perfect  work  of  that  kind." 

1  J.  Muller,  Physiology  of  the  Senses.    Trans,  by  Baly,  copied  from  Labbock,  p.  176. 
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How  vision  is  effected  by  a  many -facetted  eye  is  thus  explained 
by  Lubbock:  "Let  a  number  of  transparent  tul>e8,  or  cones  with 
opaque  walls,  be  ranged  side  by  side  in  front  of  the  retina,  and 
separated  from  one  another  by  black  pigment.     In  this  case  the  only 
light  which  can  reach  the  optic  nerve  will  be  that  which  falls  on  any 
given  tube   in  the   direction   of 
its  axis."     For  instance,  in  Fig. 
267,  the  light  from  o  will  pass 
to  a',  that  from  b  to  b',  that  from 
c  to  c',  and  so  on.  The  light  from 
c,  which  falls  on  the  other  tubes, 
will  not  reach  the  nerve,  but  will 
impinge  on  the  sides  and  be  ab- 
sorbed by  the   pigment.     Thus,  p     ga-     v 
though    the    light    from    c    will 

illuminate  the  whole  surface  of  the  eye,  it  will  only  affect  the  nerve 
at  c'. 

According  to  this  view  those  rays  of  light  only  which  pass  directly 
through  the  crystalline  cones,  or  are  reflected  from  their  sides,  can 
reach  the  coi-res ponding  nerve-fibres.  The  others  fall  on,  and  are 
absorbed  by,  the  pigment  which  separates  the  different  facets. 
Hence  each  cone  receives  light  only  from  a  very  small  portion  of  the 
field  of  vision,  and  the  rays  so  received  are  collected  into  one  spot  of 
light. 

It  follows  from  this  theory  that  tlie  larger  and  more  convex  the 
eye,  the  wider  will  be  its  field  of  vision,  while  the  smaller  and 
more  numerous  are  the  facets,  the  more  distinct  will  be  the  vision 
(Lubbock). 

The  theory  is  certainly  supported  by  the  shape  and  size  and  the 
immense  number  of  facets  of  the  eye  of  the  dragon-fly,  which  all 
concede  to  see  better,  and  at  a  longer  range,  than  probably  any  other 
insect. 

MtUler's  mosaic  theory  was  generally  received,  until  doubted  and  criticised  by 
GottBChe  (1H&2),  Dor  (1861),  Plateau,  aud  others.  As  Lubbock  In  his  excellent 
Bummarj  states,  Gottsche's  observation  (previnuslj  made  by  Leeuwenlioek) 
that  each  separate  cornea  gives  a  separate  and  distinct  ima^e,  was  made  on  the 
eye  of  the  blow-fly,  which  does  not  posseBs  a  true  crystalline  cone.  Plateau's 
objection  loses  its  force,  since  he  seems  to  have  had  In  his  mind,  as  Lubbock 
BtatCK,  GotlBche'B,  rather  than  MUller's,  theory. 

MUller's  theory  is  supported  by  Boll,  Grenacher,  Lubbock,  Watase,  and 
especially  by  Exner,  who  has  given  much  attention  to  the  subject  of  the  vision 
of  insects,  and  is  the  weiKhtiest  authority  on  the  subject. 

Gottsche's  view  that  each  of  the  facetted  eyrn  makes  a  distinct  image  which 
partially  overlaps  and  is  combined  with  all  the  images  made  by  the  otlier  (acets, 
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was  shown  by  Grenacher  to  be  untenable,  after  repeating  Gottsche'a  experiments 
Willi  the  eyes  of  moths,  in  which  the  crystalline  cones  are  firm  and  attached  to 
the  cornea.  He  was  thus  able  to  remove  the  soft  parts,  and  to  look  through  the 
cones  and  the  cornea.  When  the  microscope  was  focussed  at  the  inner  end  of 
the  cone,  a  spot  of  light  was  visible,  but  no  image.  As  the  object-glass  was 
moved  forward,  the  image  gradually  came  into  view,  and  tlien  disappeared 
again.     Here,  then,  the  image  is  formed  in  the  interior  of  the  cone  itself. 

Exner  attempted  to  make  this  experiment  with  the  eye  of  Hydrophilus,  but 
in  that  insect  the  crystalline  cones  always  came  away  from  the  cornea.  *^  He, 
however,  calculated  the  focal  length,  refraction,  etc.,  of  the  cornea,  and  con- 
cluded that,  even  if,  in  spite  of  the  crystalline  cone,  an  image  could  be  formed, 
it  would  fall  much  behind  the  retinula." 

**In  these  cases,  then,"  adds  Lubbock,  "an  image  is  out  of  the  question. 
Moreover,  as  the  cone  tapers  to  a  point,  there  would,  in  fact,  be  no  room  for  an 
image,  which  must  be  received  on  an  appropriate  surface.  In  many  insect  eyes, 
indeed,  as  in  those  of  the  cockchafer,  the  crystalline  cone  is  drawn  out  into  a 
thread,  which  expands  again  before  rea<2hing  the  retinula.  Such  an  arrange- 
ment seems  fatal  to  any  idea  of  an  image." 

Lubbock  thus  sums  up  the  reasons  which  seem  to  favor  MUUer's  theory  of 
mosaic  vision,  and  to  oppose  Gottsche^s  view  :  "  (1)  In  certain  cases,  as  in 
Hyperia,  there  are  no  lenses,  and  consequently  there  can  be  no  image  ;  (2)  the 
image  would  generally  be  destroyed  by  the  crystalline  cone  ;  (3)  in  some  cases 
it  would  seem  that  the  image  would  be  formed  completely  behind  the  eye,  while 
in  others,  again,  it  would  be  too  near  the  cornea ;  (4)  a  pointed  retina  seems 
incompatible  with  a  clear  image  ;  (5)  any  true  projection  of  an  image  would  in 
certain  species  be  precluded  by  the  presence  of  impenetrable  pigment,  which 
only  leaves  a  minute  central  passage  for  the  light-rays ;  (0)  even  the  clearest 
image  would  be  useless,  from  the  absence  of  a  suitable  receptive  surface,  since 
both  the  small  number  and  mode  of  combination  of  the  elements  composing  that 
surface  seem  to  preclude  it  from  receiving  more  than  a  single  impression  ;  (7)  no 
system  of  accommodation  has  yet  been  discovered ;  finally  (8),  a  combination 
of  many  thousand  relatively  complete  eyes  seems  quite  useless  and  incompre- 
hensible." 

In  his  most  recent  work  (1800)  on  the  eyes  of  Crustacea  and  insects,  Exner 
states  that  the  numerous  simple  eyes  which  make  up  the  compound  eye  have 
each  a  cornea,  but  it  is  more  or  less  flat,  and  the  crj-stalline  part  of  the  eye  has 
not  the  shape  of  a  lens,  but  of  a  "  lens  cylinder,"  that  is,  of  a  cylinder  which  is 
composed  of  sheets  of  transparent  tissue,  the  refracting  powers  of  which  decrease 
toward  the  periphery  of  the  cylinder.  If  an  eye  of  this  kind  is  rem(»ved  and 
freed  of  the  pigment  which  surrounds  it,  objects  may  be  looked  at  through  it 
from  behind  ;  but  its  field  of  vision  Is  very  small,  and  the  direct  images  received 
from  each  .separate  eye  are  either  produced  close  to  one  another  on  the  retina 
(or  rather  the  retinulte  of  all  the  eyes)  or  superposed.  In  this  last  case  no  less 
than  thirty  separate  images  may  be  superposed,  which  is  supposed  to  be  of  great 
use  to  night-flying  insects.  Exner  claims  that  many  other  advantages  result 
from  the  compound  nature  of  an  insect's  eye.  TIuls  the  mobile  pigment,  which 
corresponds  to  our  iris,  can  take  different  positions,  either  between  the  separate 
eyes  or  behind  the  lens  cylinders,  in  which  case  it  acts  as  so  many  screens  to 
intercept  the  over-abundance  of  light.  Exner  finds  that  with  its  compound  eyes 
the  common  glow-wonn  (Lampyris)  is  capable  of  distinguishing  large  signbtuird 
letters  at  a  distance  of  ten  or  more  feet,  as  well  as  extremely  fine  lines  engraved 
one-hundredth  of  an  inch  apart,  if  they  are  at  a  distance  of  less  than  half  an 
inch  from  the  eve.     Exner  substantiates  the  truth  of  the  results  of  Plateau^s 
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experiments,  and  claims  tliat  while  the  compound  eye  is  inferior  to  the  verte- 
brate eye  for  making  out  the  forms  of  objects,  it  is  superior  to  the  latter  in  dis- 
tinguishing the  smallest  movements  of  objects  in  the  total  field  of  vision. 

More  recently  Mallock  has  given  some  optical  reasons  to  show  that  Milller's 
view  is  the  true  one.  He  concludes,  and  thus  agrees  with  Plateau,  that  insects 
do  not  see  well,  at  any  rate  as  regards  their  power  of  defining  distant  objects, 
and  their  behavior  certainly  favors  this  view.  It  might  be  asked,  What  advan- 
tage, then,  have  insects  with  compound  eyes  over  those  with  simple  eyes  ? 
Mallock  answers,  that  the  advantage  over  simple-eyed  animals  lies  in  the  fact 
that  there  is  hardly  any  practical  limit  to  the  nearness  of  the  objects  they  can 
examine.  *'  With  the  composite  eye,  indeed,  the  closer  the  object  the  better  the 
sight,  for  the  greater  will  be  the  number  of  lenses  employed  to  produce  the  im- 
pression ;  whereas,  in  the  simple  eye  the  focal  length  of  the  lens  limits  the  dis- 
tance at  which  a  distinct  view  can  be  obtained.^  ^  He  gives  a  table  containing 
measures  of  the  diameters  and  angles  between  the  axes  of  the  lenses  of  various 
insect  eyes,  and  states  that  the  best  of  the  eyes  would  give  a  picture  about  as 
good  as  if  executed  in  rather  coarse  woodwork  and  viewed  at  a  distance  of  a 
foot,  *^  and  although  a  distant  landscape  could  only  be  indifferently  represented 
on  such  a  coarse-grained  structure,  it  would  do  very  well  for  things  near  enough 
to  occupy  a  considerable  part  of  the  field  of  view." 

The  principal  use  of  the  facetted  eye  to  perceive  the  movements  of 
animals.  — Plateau  adopts  Exner's  views  as  to  the  use  of  the  facetted 
eye  in  perceiving  the  movements  of  other  animals.  He  therefore 
concludes  that  insects  and  other  arthropods  with  compound  eyes  do 
not  distinguish  the  form  of  objects ;  but  with  Exner  he  believes  that 
their  vision  consists  mainly  in  the  perception  of  moving  bodies. 

Most  animals  seem  but  little  impressed  by  the  form  of  their  enemies  or  of  their 
victims,  though  their  attention  is  immediately  excited  by  the  slightest  displace- 
ment. Hunters,  fishermen,  and  entomologists  have  made  in  confirmation  of  this 
view  numerous  and  demonstrative  observations. 

Though  the  production  of  an  image  in  the  facetted  eye  of  the  insect  seems 
impossible,  we  can  easily  conceive,  says  Plateau,  how  it  can  ascertain  the  existr 
ence  of  a  movement.  Indeed,  if  a  luminous  object  is  placed  before  a  compound 
eye,  it  will  illuminate  a  whole  group  of  simple  eyes  or  facets  ;  moreover,  the  cen- 
tre of  this  group  will  be  clearer  than  the  rest.  Every  movement  of  the  luminous 
body  will  displace  the  centre  of  clearness ;  some  of  the  facets  not  illuminated 
will  first  receive  the  light,  and  others  will  reenter  into  the  shade  ;  some  nervous 
terminations  will  be  excited  anew,  while  those  which  were  so  formerly  will  cease 
to  be.  Hence  the  facetted  eyes  are  not  complete  visual  organs,  but  mainly  organs 
of  orientation. 

Plateau  experimented  in  the  following  way  :  In  a  darkened  room,  with  two 
differently  shaped  but  nearly  equal  light-openings,  one  square  and  open,  the 
other  subdivided  into  a  number  of  small  holes,  and  therefore  of  more  difticult 
egress,  he  observed  the  choices  of  opening  made  by  insects  flying  from  the  other 
end  of  the  room.  Careful  practical  provisions  were  made  to  eliminate  error ; 
the  light-intensity  of  the  two  openings  was  as  far  as  possible  equalized  or  else 
noted,  and  no  trees  or  other  external  objects  were  in  view.  The  room  was  not 
darkened  beyond  the  limit  at  which  ordinary  type  ceases  to  be  readable,  other- 
wise the  insects  refused  to  fly  (it  is  well  known  that  during  the  passage  of  a  thick 
cloud  insects  usually  cease  to  fly).    These  observations  were  made  on  insects 
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both  with  or  without  ocelli,  in  addition  to  the  compound  eyes,  and  with  the 
same  results. 

From  repeated  experiments  on  flies,  bees,  etc.,  butterflies  and  moths,  dragon- 
flies  and  beetles.  Plateau  concludes  that  insects  with  compound  eyes  do  not  notice 
differences  in  form  of  openings  in  a  half-darkened  room,  but  fly  with  equal  readi- 
ness to  the  apparently  easy  and  apparently  difficult  way  of  escape  ;  that  they  are 
attracted  to  the  more  intensely  lighted  opening,  or  to  one  with  apparently 
greater  surface  ;  hence  he  concludes  that  they  cannot  distinguish  the  form  of 
objects,  at  least  only  to  a  very  slight  extent,  though  they  readily  perceive  objects 
in  motion. 

One  result  of  his  experiments  is  that  insects  only  utilize  their  eyes  to  choose 
between  a  white  luminous  orifice  in  a  dark  chamber,  or  another  orifice,  or  group 
of  orifices,  equally  white.  They  are  guided  neither  by  odorous  emanations  nor 
by  differences  of  color.  He  thinks  that  bees  have  as  bad  sight  and  act  almost 
exactly  as  flies. 

From  numerous  experiments  on  Odonata,  Coleoptera,  Lepidoptera,  Diptera, 
and  Hymenoptera  Plateau  amves  provisionally  at  the  following  conclusions : 

1.  Diurnal  insects  have  need  o^  a  quick  strong  light,  and  cannot  direct  their 
movements  in  partial  obscurity. 

2.  Insects  with  compound  eyes  do  not  notice  differences  of  form  existing  be- 
tween two  light  orifices,  and  are  deceived  by  an  excess  of  luminous  intensity  as 
well  as  by  the  apparent  excess  of  surface.  In  short,  they  do  not  distinguish  tlie 
form  of  objects,  or  if  they  do,  distinguish  them  very  badly. 

Lubbock,  however,  does  not  fully  accept  Plateau^s  experiments  with  the  wiji- 
dows,  and  thinks  they  discern  the  form  of  bodies  better  than  Plateau  supposes. 

How  far  can  insects  see  ?  —  It  is  now  supposed  that  no  insects  can  perceive 
objects  at  a  greater  distance  than  about  six  feet.  On  an  average  Lepidoptera 
can  see  the  movements  of  rather  large  bodies  1.50  meters,  but  Hymenoptera  only 
68  cm.,  and  Diptem  68  cm.;  while  the  fire-fly  (Lampyris)  can  see  tolerably  well 
the  form  of  larj^e  objects  at  a  distance  of  over  two  meters. 

Until  further  experiments  are  made,  it  seems  probable,  then,  that  few  if  any 
insects  have  acute  sight,  that  they  see  objects  best  when  moving,  and  on  the 
whole  —  except  dragon-flies  and  other  predaceous,  swiftly  flying  insects,  such  as 
certain  flies,  wasps,  and  bees,  which  have  very  large  rounded  eyes — insects  are 
guided  mainly  rather  by  the  sense  of  smell  than  of  sight. 

Relation  of  sight  to  the  color  of  eyes.  —  It  appears  from  the  observations  of 
Girschner  that  those  Diptera  with  eyes  of  a  uniform  color  see  better  than  those 
with  brightly  banded  or  spotted  eyes.  Thus  those  flies  (Asilidse,  Empidse,  Lep- 
tidae,  Dolichopidae)  whose  predaceous  habits  requires  good  or  quick  sight  have 
uniformly  dark  eyes,  as  have  also  such  flies  as  live  constantly  on  the  wing, 
!.«.,  the  holoptic  Bombyliidte,  Syrphidse,  Pipunculidae,  etc.,  whose  eyes  are  also 
very  large. 

Those  flies  whose  larvae  are  parasitic  on  other  animals  have  eyes  of  a  uniform 
color  that  they  may  readily  detect  the  most  suitable  host  for  their  young  ;  such 
are  the  Bombyliidte,  Conopidse,  Pipunculidse,  and  Tachinidse. 

Certain  flies  which  live  in  the  clear  sunlight,  as  many  Dolichopidse,  some 
Bombyliidse,  and  certain  Tabanidse  (Tabanus,  Chrysops,  Haematopota),  and 
whicli  are  often  easily  caught  with  the  hand,  have  eyes  spotted  or  banded  with 
bright  or  metallic  colors.  This  is  also  a  sexual  trait,  as  the  males  of  some  horse- 
flies visiting  flowers  have  eyes  of  a  single  color,  the  spots  and  bands  surviving 
only  on  the  lower  and  hinder  parts  of  the  eye,  while  their  voracious  blood-suck- 
ing females  have  the  entire  eye  spotted  or  banded  (Kolbe). 

The  color-sense  of  insects.  —  Insects,  as  Spengel  first  suggested,  appear  to  be 
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able  to  distinguish  the  color  of  objects.  Lubbock  has  experimentally  proved 
that  bees,  wasps,  and  ants  have  this  power,  blue  being  the  favorite  color  of  the 
honey-bee,  and  violet  of  ants,  which  are  sensitive  to  ultra-violet  rays. 

It  is  well  known  that  butterflies  will  descend  from  a  position  high  in  the  air, 
mistaking  white  bits  of  paper  for  white  flowers ;  while,  as  we  have  observed, 
white  butterflies  (Pieris)  prefer  white  flowers,  and  yellow  butterflies  (Colias) 
appear  to  alight  on  yellow  flowers  in  preference  to  white  ones. 

The  late  Mr.  S.  L.  Elliott  once  informed  us  that  on  a  red  bam  with  white 
trimmings  he  observed  that  white  moths  (Spilosoma,  Hyphantria,  and  Acronycta 
oblinita)  rested  on  the  white  parts,  while  on  the  darker,  reddish  portions  sat 
Catocalee  and  other  dark  or  reddish  moths.  Gross  observed  that  house-flies 
would  frequent  a  bluish  green  ring  on  the  ceiling  of  his  chamber ;  but  if  it  were 
covered  by  white  paper,  the  flies  would  leave  the  spot,  though  they  would  return 
as  soon  as  the  paper  ring  was  removed  (Kolbe).  We  have  observed  that  house- 
flies  prefer  green  paper  to  the  yellowish  wall  of  a  kitchen,  but  were  not  attracted 
to  sheets  of  a  Prussian  blue  paper,  attached  to  the  same  wall  and  ceiling. 

It  is  generally  supposed  that  the  shape  and  high  colors  of  flowers  attract  in- 
sects ;  but  Plateau  has  made  a  number  of  ingenious  experiments  which  tend  to 
disprove  this  view.  He  used  in  his  investigations  the  dahlia,  with  its  central 
head  of  flowerets,  which  contrast  so  strongly  with  the  corolla.  He  finds  (1)  that 
insects  frequent  flowers  which  have  not  undergone  any  mutilation,  but  whose 
form  and  colors  are  hidden  by  green  leaves.  (2)  Neither  the  shape  nor  lively 
colors  of  the  central  head  (capitulum)  seem  to  attract  them.  (3)  The  gayly 
colored  peripheral  flowerets  of  simple  dahlias  and,  consequently,  of  the  heads  of 
other  composite  flowers,  do  not  play  the  rOle  of  signals,  such  as  has  been  attrib- 
uted to  them.  (4)  The  insects  are  evidently  guided  by  another  sense  than  that 
of  sight,  and  this  sense  is  probably  that  of  smell. 
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h.  The  organs  of  smell 

The  seat  of  the  organs  of  smell  is  mainly  in  the  antennae,  and  they 
may  be  regarded  as  the  principal  olfactory  organs.  For  our  present 
knowledge  of  the  anatomy  and  physiology  of  the  olfactory  organs 
of  insects  we  are  mainly  indebted  to  the  recent  investigations  of 
Hauser  and  of  Kraepelin.  The  following  historical  and  critical 
remarks  are  translated  from  Kraepelin*s  able  treatise : 

Historical  sketch  of  our  knowledge  of  the  organs  of  smell.  —  In  the  first  half 
of  the  last  century  began  the  inquiries  as  to  the  seat  of  the  sense  of  smell  in  the 
arthropods.  Thus  R^umur,  in  his  M^moires  (i,  p.  283;  ii,  224),  expressed 
the  view  that  in  the  antennse  was  situated  a  special  organ  which  might  be  an 
organ  of  smell. 

Lesser,  Koesel,  Lyonet,  Bonnet,  and  others  expressed  the  same  opinion. 
Before  this  Sulzer  suggested  that  an  *^  unknown  sense  ^*  might  exist  in  the 
antennse ;  others  regarded  the  stigmata  as  organs  of  smell,  as  these  were  con- 
sidered the  natural  passages  for  the  olfactory  cuiTents.  Dum^ril,  in  two  special 
treatises  as  well  as  in  his  Considerations  g^n^rales,  sought  to  prove  the  tlieory 
as  to  the  seat  of  the  organs  of  smell  in  the  stigmata. 

Against  both  of  these  leading  views  as  to  the  seat  of  the  sense  of  smell  were 
expressed,  in  the  last  century,  different  opinions.  Thus  Comparetti  thought 
that  the  sense  of  smell  might  be  localized  in  very  different  points  of  the  head, 
in  the  antennal  club  of  lamellicorns,  in  the  sucking-tube  of  Lepidoptera,  in 
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special  frontal  holes  of  flies  and  Orthoptera,  etc.,  while  Bonsdorf  considered  the 
palpi  as  organs  of  smell. 

Thus  four  different  views,  confused,  were  held  at  the  opening  of  this  century  ; 
the  Hamburg  zoologist,  M.  C.  S.  Lehrman,  in  three  different  treatises,  brought 
together  all  the  hitherto  known  observations  and  arguments,  treated  them  criti- 
cally, and  completed  them  by  his  own  extended  studies.  Lehrman  adopted  the 
opinions  of  Keimarus,  Baster,  Dum^ril,  and  Schelver,  that  the  stigmata  presented 
the  most  convenient  place  for  the  site  of  the  organs  of  smell.  Cuvier  followed 
throughout  the  lead  of  Lehrman,  but  Latreille  returned  to  the  view  of  the  per- 
ception of  smell  by  the  antennae,  while  Treviranus  considered  the  mouth  of 
arthropods  as  the  probable  site  of  the  sense  of  smell,  an  opinion  which,  before 
his  time,  Huber,  in  his  experiments  on  bees,  had  thought  to  be  correct.  Marcel 
de  Serres  (1811)  returned  again  to  the  palpi,  and  asserted  —  at  least  in  the 
Orthoptera  —  their  functions  to  be  olfactory,  while  Blainville,  ten  years  later, 
again  expressed  anew  the  old  opinion  that  the  antennae,  or  at  least  their  termina- 
tions, were  organs  of  smell.  Up  to  that  date  there  was  an  uncertainty  as  to  the 
seat  of  the  organs  both  of  smell  and  hearing.  Fabricius,  indeed,  had  already, 
in  1788,  thought  he  had  found  an  organ  of  hearing  at  the  base  of  the  outer 
antenna.  In  1826  J.  MUller  mentioned  an  already  well-known  organ  in  the 
abdomen  of  crickets  as  an  organ  of  hearing.  MUller,  however,  was  doubtful, 
from  the  fact  that  the  nerve  passing  to  this  organ  arose,  not  from  the  brain,  but 
from  the  third  thoracic  ganglion  ;  but,  notwithstanding,  he  remarks :  ^^  Perhaps 
we  have  not  found  the  organ  of  hearing  in  insects  because  we  sought  for  it  in 
the  head.^'  This  discovery  was  afterwards  considerably  broadened  and  ex- 
tended by  Siebold's  work,  for  the  views  of  these  naturalists  on  the  seat  of  both 
organs  had  a  definite  influence,  especially  in  Gk^rmany.  For  awhile,  indeed, 
MUller's  hypothesis  stood  in  complete  contradiction,  so  that  during  the  following 
decennial  was  presented  anew  the  picture  of  opposing  observations  and  opinions 
as  to  the  nature  of  the  organs  of  smell.  While  Kobineau-Desvoidy,  at  the  end 
of  the  twentieth  year,  and  also  later,  in  different  writings,  strove  energetically 
for  the  olfactory  nature  of  the  antennae,  Straus-OUrckheim  held  fast  to  the  view 
that  the  tracheae  possessed  the  function  under  discussion.  At  the  same  period 
Kirby  and  Spence,  in  their  valuable  Introduction  to  Entomology,  maintained 
that  "two  white  cushions  on  the  under  side  of  the  upper  lip"  in  the  mouth  of 
biting  insects  formed  a  nose  or  "rhinarium  "  peculiar  to  insects.  This  opinion 
was  afterwards  adopted  by  Lacordaire  (Introduction  k  Entomologie),  and  also 
by  Oken  in  his  Lehrbuch  der  Naturphilosophie,  while  Burmeister,  rejecting  all 
the  views  previously  held,  believed  that  insects  might  perhaps  smell  "  with  the 
inner  upper  surface  of  the  skin."  Miiller's  locust^s  ear  he  regarded  as  a  vocal 
organ. 

Besides  these  occasional  expressions  of  opinion,  the  French  literature  of  the 
thirtieth  and  fortieth  years  of  this  century  recorded  a  long  series  of  special 
works,  with  weighty  experimental  and  physiological  contents,  on  this  subject. 
Thus  Lefebre,  in  1838,  described  the  experiments  which  he  made  on  bees,  and 
which  seemed  to  assign  the  seat  of  the  sense  of  smell  to  the  antennae.  Dug^s 
reported  similar  researches  on  the  Scolopendrfe,  and  Pierret  thought  that  the 
great  development  of  the  antennae  in  the  male  Bombycidae  might  be  similarly 
interpreted.  Driesch  sought  to  give  currency  to  the  views  of  Bonsdorf,  Lamarck, 
and  Marcel  de  Serres,  that  the  sense  of  smell  was  localized  in  the  palpi,  though 
Duponchel  went  back  to  the  old  assertion  of  aeroscepsis  of  Lehrman,  i.e.  of  the 
air-test  through  the  antennae,  and  Goureau  again  referred  the  seat  of  the  sense 
of  smell  to  the  mouth.  In  England,  Newport  at  this  period  put  forth  a  work  in 
which  he  considered  the  antennae  as  organs  of  touch  and  hearing,  and  the  palpi 
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as  organs  of  smell  —  a  view  which,  as  regards  the  antennae,  was  opposed  by 
Newman. 

Thus  the  contention  as  to  the  use  of  the  antennae  and  the  seat  of  the  organs 
of  smell  and  hearing  fluctuated  from  one  side  to  the  other,  and  when  in  1844 
Kuster,  by  reason  of  his  experiments  on  numerous  insects,  again  claimed  that 
*Hhe  antennae  are  the  smelling  organs  of  insects/^  he  argued  on  a  scientific 
basis ;  yet  v.  Siebold  and  Stannius  (1848),  in  their  valuable  Lehrbuch  der 
vergleichenden  Anatomie  (p.  581),  remarked  that  ^^  organs  of  smell  have  not  yet 
with  certainty  been  discovered  in  these  animals.'" 

The  following  decennial  was  of  marked  importance  in  the  judgment  of  many 
disputed  questions.  Almost  contemporaneously  with  Siebold  and  Stannius^ 
Lehrbuch  appeared  an  opportune  treatise  by  Erichson,  in  which  this  naturalist 
tirst  brought  forward  certain  anatomical  data  as  to  the  structure  of  the  antenna; 
of  insects.  In  a  great  number  of  insects  Erichson  described  on  the  upper  sur- 
face of  the  antennae  peculiar  minute  pits,  **pori,"  which,  according  to  him, 
were  covered  by  a  thin  membrane,  and  to  which  he  ascribed  the  perception  of 
smell.  A  still  more  thorough  work  on  this  subject  was  published  in  the  follow- 
ing year  by  Burmeister,  who  recognized  in  the  pits  of  lamellicorns  many  small 
tubercles  and  hairs ;  and  about  the  same  time  Slater,  as  also  Pierret  and  Erich- 
son before  him  had  done,  out  of  the  differences  of  the  antennal  development  in 
the  males  and  females  in  flesh  and  plant-eating  insects,  brought  together  the 
proof  of  the  olfactory  function  of  the  antennie.  But  the  most  valuable  work  of 
this  period  is  that  of  Perris,  who,  after  a  review  of  previous  opinions,  by  exact 
observations  and  experiments,  a  model  of  their  kind,  sought  to  discover  the 
seat  of  the  sense  of  smell.  He  comes  to  the  conclusion  that  the  antenna?,  and 
perhaps  also  the  palpi,  may  claim  this  sense,  and  finds  full  confirmation  of 
Dufour^s  views,  and  adopts  as  new  the  physiological  possibility  expressed  by 
Hill  and  Bonnet,  that  the  antennte  might  be  the  seat  of  both  senses  —  those  of 
smell  and  hearing. 

The  beautiful  works  of  Erichson,  Burmeister,  and  Perris  could  not  remain 
long  unnoticed.  In  1857  Hicks  published  complete  researches  on  the  peculiar 
nerve-endings  which  he  had  found  in  the  antennae,  also  in  the  halteres  of  flies 
and  the  wings  of  all  the  other  groups  of  insects,  and  which  he  judged  to  be  for 
the  perception  of  smell.  But  Erichson's  and  Burmeister's  *'pori''  were  by 
Lesp^s,  in  1858,  explained  to  be  so  many  auditory  vesicles  with  otoliths.  This 
view  was  refuted  by  Clapar6de  and  (^laus  without  their  deciding  on  any  deiinite 
sense.  Leydig  first  made  a  decided  step  in  advance.  In  different  writings  this 
naturalist  had  busied  himself  with. the  integumental  structures  of  arthropods, 
and  declared  Erichson's  view  as  to  the  olfactory  nature  of  the  antennal  pits  as 
the  truest,  before  he,  in  his  careful  work  on  the  olfactory  and  auditor}'  organs  of 
crabs  and  insects,  had  given  excellent  representations  of  the  numerous  anatomi- 
cal details  which  he  had  selected  from  his  extensive  researches  in  all  groups  of 
arthropods.  Besides  the  pits  which  were  found  to  exist  in  Crustacea,  Scolo- 
pendrse,  beetles,  Ilymenoptera,  Diptera,  Orthoptera,  Neuroptera,  and  Hemip- 
tera,  and  which  had  only  thus  far  been  regarded  as  sense-organs,  I^ydig  first 
calls  attention  to  the  widely  distributed  pegs  and  teeth,  also  considering  them  as 
sense-organs.  '*  Olfactory  teeth,"  occurring  as  pale  rods,  perforated  at  the  end, 
on  the  surface  of  the  antennae  of  Crustacea,  Myriopoda,  Hymenoptera,  Lepidop- 
tera,  Coleoptera,  are  easily  distinguished,  and  besides  the  "olfactory  pegs"  of 
the  palpi,  may  be  claimed  as  organs  of  smell.  The  nerve-end  apparatus  first 
discovered  by  Hicks  in  the  halteres  and  wings,  Leydig  thinks  should  be  ranked 
as  organs  of  hearing. 

There  was  still  some  opposition  to  Leydig^ s  opinion  that  in  the  insects  the 
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sense  of  smell  is  localized  in  the  antennae  (teeth  and  pits),  and  here  the  work  of 
Ilensen  might  be  mentioned,  which  in  1860  had  a  decided  influence  upon  the 
conclusion  of  some  inquiries. 

Thus  Landois  denied  that  the  antennae  had  the  sense  of  smell,  and  declared 
that  the  pits  in  the  antennae  of  the  stag  beetle  were  auditory  organs.  So,  also, 
Paasch  rejected  Leydig\s  conclusion,  while  he  sou^t  to  again  reinstate  the  old 
opinion  of  Rosenthal  as  to  the  olfactory  nature  of  the  fi*ontal  cavity  of  the 
Diptera.  In  spite  of  the  exact  observations  and  interesting  anatomical  dis- 
coveries of  Forel  in  ants,  made  in  1874,  there  appeared  the  great  work  of  Wolff 
on  the  olfactory  organs  of  bees,  in  which  this  observer,  with  much  skill  and 
acuteness,  sought  to  give  a  basis  for  the  hypothesis  of  Kirby  and  Spence  that  the 
seat  of  the  sense  of  smell  lay  in  the  soft  palatine  skin  of  the  labrum  within 
the  mouth  (i.e.  the  epipharynx).  Joseph,  two  years  later,  drew  attention  to  the 
stigmata  as  olfactory  organs,  referring  to  the  olfactory  girdle,  and  Forel  sought 
by  an  occasional  criticism  of  Wolff^s  conclusions  to  prove  experimentally  the 
olfactory  function  of  the  antenna ;  but  Graber,  in  his  widely  read  book  on  in- 
sects, defended  the  Wolffian  **no8e"  in  the  most  determined  wiiy,  and  denied 
to  the  antennae  their  so  often  indicated  faculty  of  smell.  In  1879  Bert^  thought 
he  had  observed  in  the  antenna  of  the  flea  a  distinct  auditory  organ,  and  Lub- 
bock considered  the  organs  of  Forel  in  the  antennae  of  ants  as  a  **  microscopic 
stethoscope."  In  1879  (iraber  described  a  new  otocyst-like  sense-organ  in  the 
antennae  of  flies,  which  was  accompanied  by  a  complete  list  of  all  the  conceivable 
forms  of  auditory  organs  in  arthropods.  In  this  work  Graber  described  in 
Musca  and  other  Diptera  closed  otocyst*  with  otoliths  and  auditory  hairs,  as 
Lesp^s  had  previously  done.  But  Paul  Mayer,  in  two  essays,  refuted  this  view 
in  a  criticism  of  the  opinion  of  Bert6,  referring  the  **  otocysts  with  otoliths  *'  to 
the  well-known  antennal  pits  into  which  tracheae  might  pass.  Mayer  did  not 
decide  on  the  function  of  the  hairs  which  extend  to  the  bottom  of  the  pits ; 
while  in  the  most  recent  research,  that  of  Hauser,  the  author  again  energetically 
contended  for  the  olfactory  function  of  the  antennae.  Both  through  physio- 
logical experiments  and  detailed  anatomical  investigations  Hauser  sought  to 
prove  his  hypothesis,  as  Pierret,  Erichson,  Slater,  and  others  had  done  before 
him,  besides  working  from  an  evolutional  point  of  view.  In  a  purely  anatomical 
aspect,  especially  prominent  are  his  discovery  of  the  singularly  formed  nerve- 
rods  in  the  pits  and  peg-like  teeth  of  the  Hymenoptera  and  their  development, 
as  well  as  the  assertion  that  numerous  hairs  in  the  pits  described  by  I^ydig, 
Meyer,  etc.,  should  be  considered  as  direct  terminations  of  nervous  fibres  pa.ssing 
into  the  pits.  In  the  pits  he  farther,  with  Erichson,  notices  a  serous  fluid, 
which  may  serve  as  a  medium  for  the  perception  of  smells.  Among  the  latest 
articles  on  this  subject  are  those  of  Kilnckel  and  Gazagnaire,  which  are  entirely 
iinatomical,  while  the  latest  treatise  of  Graber  on  the  organs  of  hearing  in  insects 
opposes  Hicks's  theory  of  the  olfactory  function  of  the  nerve-end  apparatus  in 
the  halteres,  wings,  etc.,  and  argues  for  the  auditory  nature  of  these  stnictures. 
Finally,  acoonling  to  Voges,  the  sense  of  smell  is  not  localized,  but  spread  over 
the  whole  body. 

My  own  r>bservations  on  different  groups  of  insects  agree,  in  general,  with 
those  of  Perris,  Forel.  and  Hauser,  without  being  in  a  position  to  confirm  or 
deny  the  varying  relations  of  the  Hemiptera.  That  irritating  odorous  substances 
(chloroform,  acetic  acid)  cause  the  limbs  to  move  in  sympathy  with  the  stimu- 
lus, I  have  seen  several  times  in  Acanthosoma  ;  still  it  may  be  a  gustatory  rather 
than  olfactory  stimulus. 

Turning  now  from  speculation  and  simple  observation  to  exact  anatomical  and 
histological  data,  the  nerve-end  apparatus  seems  to  have  a  distinct  reference  to 
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the  perception  of  odors.  It  comprises  a  structure  composed  of  nervous  sub- 
stances which  are  enclosed  in  a  chitinous  tube,  and  either  only  stand  in  relation 
to  the  surrounding  bodies  by  the  perforated  point,  or  pass  to  the  surface  as  free 
uerve-fibrillie. 

In  insects  there  is  a  remarkable  and  fundamental  difference  in  the  structiyes 
of  the  parts  supposed  to  be  the  organs  of  smell.  Erichson  was  acquainted  only 
with  the  "pori  '*  covered  by  a  thin  membrane;  but  Burmeister,  in  his  careful 
work  on  the  antennas  of  the  lamellicorns,  distinguished  pits  at  the  bottom  of 
which  hairs  rise  from  a  cup-like  tubercle,  from  those  wliich  were  free  from 
hairs.  Ley  dig  afterwards  was  the  first  to  regard  as  olfactory  organs  the  so- 
called  pegs  (kegel),  a  short,  thick,  hair-like  structure  distinctly  perforated  at  the 
tip,  which  had  already,  by  Lesp^s  in  Cercopis,  etc.,  been  described  as  a  kind  of 
tactile  papilla.  Other  very  peculiar  olfactory  organs  of  different  form,  Forel 
(Fourmis  de  la  Suisse)  discovered  in  the  antennae  of  ants,  which  Lubbock  incor- 
rectly associated  with  the  nerve-end  apparatus  found  by  Hicks  in  otlier  insects. 

As  the  final  result  of  his  researches  Kraepelin  states  that  the 
great  variety  of  antennal  structures  previously  described  may  be  re- 
ferred to  a  single  common  fundamental  type  of  a  more  or  less  devel- 
oped free  or  sunken  hair-like  body  which  stands  in  connection  by 
means  of  a  wide  pore-canal  with  a  many-nucleated  ganglion-cell. 
The  latter  sends  only  a  relatively  slender  nerve-fibre  (axial  cord) 
through  the  pore-canal  into  the  hair;  but  the  same  is  enclosed  by 
epithelial  cells  which  surround  the  pore-canal. 

Mauser's  researches  on  the  organs  of  smell  in  insects  were  so 
carefully  made  and  conclusive  that  our  readers  will,  we  feel  sure,  be 
glad  to  have  laid  before  them  in  detail  the  facts  which  prove  so 
satisfactorily  that  the  antennae  of  most  insects  are  olfactory  rather 
than  auditory  in  their  functions. 

Physiological  experiments.  —  First  of  all  one  should  observe  as 
exactly  as  possible  the  normal  animal  in  its  relation  to  certain  odor- 
ous substances,  whose  fumes  possess  no  corrosive  power  or  peculiari- 
ties interfering  with  respiration  ;  then  remove  the  antennse  and  try 
after  several  days  to  ascertain  what  changes  have  taken  place  in  the 
relation  of  the  animal  to  the  substance.  In  order  to  come  to  no  false 
results  it  is  often  necessary  to  let  the  insects  operated  upon  rest  one 
or  two  days,  for  immediately  after  the  operation  they  are  generally 
so  restless  that  a  careful  experiment  is  impossible. 

The  extirpation  of  the  antennae  is  borne  by  different  insects  in 
different  ways;  many  bear  it  very  easily,  and  can  live  for  months 
after  the  operation,  while  others  die  in  the  course  of  a  few  days 
after  the  loss  of  these  appendages.  The  animals  seem  to  be  least 
injured  if  the  operation  is  performed  at  a  time  when  they  are  hiber- 
nating. PyrrhocoriH  apteru»,  and  many  other  insects,  afforded  a  very 
striking  proof  of  this  relation. 
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Experiments  made  by  placing  the  antennae  in  liquid  paraffine  so 
as  to  cover  .them  with  a  layer  of  paraffine,  thus  excluding  the  air, 
gave  the  same  result  as  if  the  antennae  had  been  removed. 

The  experiments  may  be  divided,  according  to  their  object,  into 
three  groups.  Experiments  of  the  first  kind  were  made  on  insects 
in  their  relation  to  strong-smelling  substances,  as  turpentine,  carbolic 
acid,  etc.,  before  and  after  extirpation  of  the  antennae.  The  second 
group  embraces  experiments  on  the  relation  of  animals  as  regards 
their  search  for  food ;  and  finally  the  third  group  embraces  experi- 
ments on  the  relation  of  the  sexes  relative  to  reproduction  before 
and  after  the  extirpation  of  the  antennae. 

Relation  of  insects  to  smelling  substances  before  and  after  the  loss  of 
their  antenns.  — Taking  a  glass  rod  dipped  in  carbolic  acid  and  hold- 
ing it  within  10  cm.  of  Philonthus  ceneus,  found  imder  stones  at  the 
end  of  February,  it  was  seen  to  raise  its  head,  turn  it  in  different 
directions,  and  to  make  lively  movements  with  its  antennae.  But 
scarcely  had  Hauser  placed  the  rod  close  to  it  when  it  started  back 
as  if  frightened,  made  a  sudden  turn,  and  rushed,  extremely  dis- 
turbed, in  the  opposite  direction.  When  he  removed  the  glass  rod, 
the  creature  busied  itself  for  some  time  with  its  antennae,  while  it 
drew  them,  with  the  aid  of  its  fore  limbs,  through  its  mouth, 
although  they  had  not  come  into  direct  cont«act  with  the  carbolic 
acid.  There  was  the  same  reaction  against  oil  of  turpentine,  and  it 
was  still  more  violent  against  acetic  acid. 

After  having  many  times  carefully  tested  the  relations  of  the 
normal  animal  to  the  substances  mentioned,  the  antennae  were  re- 
moved from  the  socket-cavity. 

On  the  second  day  after  Hauser  experimented  with  the  insects, 
they  exhibited  no  reaction  either  against  the  carbolic  acid,  the  oil  of 
turpentine,  or  even  against  the  acetic  acid,  although  he  held  the  glass 
rod  which  had  been  dipped  into  it  for  one  or  two  minutes  before  and 
over  the  head.  The  creatures  remained  completely  quiet  and  im- 
movable, at  the  most  slightly  moving  the  palpi.  They  showed 
otherwise  no  change  in  thpir  mode  of  life  and  their  demeanor ;  they 
ate  with  great  eagerness  flesh  which  had  been  placed  before  them, 
or  dead  insects,  and  some  were  as  active  as  usual  as  late  as  May. 
These  beetles  had,  as  proved  by  the  experiments,  lost  the  sense  of 
smell  alone ;  how  far  the  sense  of  touch  was  lost  Hauser  could  not 
experimentally  decide. 

The  same  results  followed  experiments  with  species  of  the  genus 
Ptinus,  Tenebrio,  Ichneumon,  Formica,  Vespa,  Tenthredo,  Saturnia, 
Vanessa,  and  Smerinthus ;  also  many  species  of  Diptera  and  Orthop- 


same  manner. 

Less  Batisfactory  were  the  experiments  with  CorabiiB.  Melolontha,  and  Silpha ; 
th^re  is  no  doubt  lliat  the  species  of  these  genera,  through  the  extirpation  ot 
their  antenna,  become  more  or  lesa  injured  as  to  tJie  acuteness  of  Iheir  powers 
of  Hinelhng ;  but  Uiey  never  show  theinaelvea  wholly  unable  to  perceive  strong. 
Gmelling  substances. 

The  allurement  of  the  substance  acts  for  a  longer  time  on  those  deprived  ot 
their  anteunee,  then  tliey  become  restless,  then  they  wander  away  from  the  glass 
tube  held  before  them  ;  still  all  their  movements  are  but  slightly  energetic,  and 
the  entire  reactJon  is  indeterminate  and  enfeebled. 

Experiments  with  the  Hemiptera  gave  still  more  unfavorable  results ;  after 
the  loss  of  their  antennie  they  reacted  to  smells  as  eagerly  as  those  did  which 
were  uninjured. 

Experiments  on  the  use  of  the  antenns  in  seeldng  for  food.  —  Under 
this  head  experiments  were  made  with  Silpha,  Sarcophaga,  Calli- 
phora,  and  Cynomyia. 

Silpha  and  its  larva  were  treated  in  the  following  manner:  they 
were  placed  in  large  boxes  whose  bottoms  Avere  covered  with  moss, 
etc. ;  in  a  corner  of  the  box  was  placed  a  bottle  with  a  small  ojieiiing, 
in  which  was  placed  strong-smelling  meat.  So  long  as  the  beetles 
were  in  possession  of  their  antennee  they  invariably  after  a  while 
discovered  the  meat  exposed  in  the  bottle,  while  after  the  loss  of 
their  antennse  they  did  not  come  in  contact  with  it. 

In  a  similar  way  acted  the  species  of  Sarcophaga,  Calliphora,  and 
Cynomyia.  Hauser,  in  experimeiitiiig  with  these,  placed  a  dish  with 
a  large  piece  of  decayed  flesh  on  his  writing-table.  In  a  short  time 
specimens  of  the  flies  referred  to  entered  through  the  open  window 
of  the  room.  The  oftener  he  drove  tlieui  away  from  the  meat  would 
they  swarm  thickly  upon  it.  Then  closing  the  window  and  catching 
all  the  flies,  lie  deprived  them  of  their  antennae  and  again  set  them 
free.  They  flew  about  the  room,  biit  none  settled  upon  tlie  flesh  nor 
tried  to  approach  it.  Where  a  fly  had  alighted  on  a  curtain  or  other 
object,  the  decayed  flesh  was  placed  tnider  it  .so  that  the  full  force  of 
the  eiflnvinm  shoiild  pass  over  it,  but  even  then  no  fly  would  settle 
upon  it. 

Experiments  testing  the  influence  of  the  antenns  of  the  males  In 
seeking  the  females.  —  For  this  purpose  Hauser  chose  those  kinds  in 
which  the  male  antennie  differ  in  secondary  sexual  characters  from 
those  of  the  female,  and  in  which  it  is  known  that  they  readily 
couple  in  confinement,  aa  Saturnia  pai-onia.  Ocneria  dispar,  and 
Melolonlka  rule/aris.  The  two  first-named  insects  did  not  couple 
after   the    extirpation    of   their   antemiEe.      Of   Melolontha    i-ntgitria 


XHcnty  pairs  were  piai;eu  iii  a  uioueiaieij  sineu  uox.  uii  ine  nexi 
luorntng  twelve  pairs  of  them  were  found  coupling.  Hauler  then, 
after  removing  the  first  lot,  placed  a  new  set  of  thirty  pairs  in  the 
ijame  bos,  cut  off  all  the  antennae  of  the  males  and  those  of  a  number 
uf  females.  On  the  following  morning  only  four  pairs  were  found 
coupling,  and  at  the  end  of  three  days  five  others  were  observed 
sexually  united. 

From  Ihetie  experiments  Hauser  inFerred  that  those  InBecls  deprived  of  their 
antennie  were  placed  in  the  most  favorable  situation,  such  as  they  would  not 
Sad  in  freedom-,  for  the  sp^e  in  which  the  insects  moved  about  was  ho  limited 
that  the  males  and  females  must  of  necessity  meet.  But  at  the  same  time  the 
results  of  the  experiments  cannot  absolutely  be  repirded  as  proving  that  the 
males,  after  the  loss  of  their  antennte,  were  then  not  in  condition  to  find 
the  females,  because  in  the  case  of  the  above-mentioned  moths,  under  similar 
conditions,  after  the  exiii-pation  of  the  antennce  no  sexual  union  took  place.  If, 
however,  the  esperimenu  made  do  not  all  lead  to  the  results  desired,  llaaser 
thinks  that  the  results  agree  with  those  of  his  histological  researches,  that  In  the 
greater  number  of  insects  the  sense  of  Gmell  has  its  seat  in  the  antennce.  His 
results  also  ^ree  with  tliose  of  Perris. 

Structure  of  the  organs  of  smell  in  insects.  —  The  olfactory  organs 
consist,  in  insects,  —  I.e.,  all  Orthoi»tera.  Terinitidae,  Psocidie,  Di[>- 
tera,  and  Hymenoptera,  also  in  most  Lepidoptera,  Nenroptera,  and 
Coleoptera,  — 

1,  Of  a  tliiek  nerve  arising  from  the  brain,  which  passes  into  the 
antenna. 

2.  Of  a  sensitive  apparatus  at  the  end,  which  consists  of  staff-like 
cells,  which  are  modified  hypoderrais  cells,  with  which  the  fibres  of 
the  nerves  connect. 

a.  Of  a  supporting  and  accessory  apparatus,  consisting  of  pits,  or 
peg-  or  tooth-like  projections  filled  with  a  serous  fluid,  and  which 
may  be  regarded  as  inv^iuations  and  outgrowths  of  the  epidermis. 

Hauser  adds  a  remark  on  the  distribution  of  the  pits  and  teeth  in 
the  larvK  of  insects,  saying  that  his  observations  are  incomplete, 
but  that  it  appears  that  in  the  larva)  the  teeth  are  most  generally 
distribiited,  and  that  they  occur  not  on  the  antennsc  alone,  but  on 
the  palpi ;  but  in  very  many  larvse  neither  pits  nor  teeth '  occurred. 
In  the  Myriopoda  teeth-like  projections  occur  on  the  ends  of  the 
antenna;.  In  Lithobius  they  form  very  small,  aliuost  cylindrical, 
pale  organs. 

In  the  course  of  a  special  description  of  these  sense-organs  in  the 
Orthoptera,  Hauser  descriiws  at  length  those  of  (E(li}toda  afrideseenH 
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and  Caloptenus  itcUicus.     On  one  antennal  joint  of  Caloptenus  (Fig. 

268)  was  often  counted  50  pits;    on  the  anterior  joints  the  num- 

»  ber  diminishes  to  about  30.     Hauser 

thinks  that  in  all  Orthoptera  wliose 
antennae  are  like  those  of  Caloptenus 
occur  sijuilar  pits,  as  he  found  them 
in  Stenobothrus  (Fig.  269)  as  well  as  in 
(Edipoda.  Gryllotalpa  possesses  similar 
pits,  —  four  to  six  on  each  antennal 
joint,  making  between  300  and  400 
pits    on    each    antenna.^     In   Mantis 


Fio.  268.  —  Olfkctory  oiptn  of  Caloptenus. 


«c- 


Fig.  269.  —  Olfactory  nits  of  the  antenna  of  Steno- 
bothrus.   This  and  Fig.  26S  after  Haus«r. 


Lbttkring  for  Fios.  2«8,  269,  273,  275,  276,  27S-2«<1.— n,  a,  circular  thickenlnjr  of  the  »kin 
surrounding  the  opening  of  the  olfactory  pit;  ujp,  thread-like  continuation  of  the  nerve-rt>ll ; 
b,  vcslcle-like  bottom  of  the  olfactory  pit,  through  which  the  olfactory  .•^ivle  passes ;  br,  brl.«it4e  in 
Fig.  2s8,  stout,  and  protecting  the  olfactory  pit :  bit,  bent  bristle  or  seta  ;  cJt,  chltinous integument  of 
the  antenna' ;  d,  seen  in  section  ;  /,  Invaglnated  pit ;  Fr,  Forel's  flask-shaped  organ  ;  Fro,  ila  o|»ening 
seen  ft*om  tlie  surface;  f//.  gland -like  mass  of  cells;  f>t/c,  hypodermic  cells:  i,  entrance  into  the 
canal  belonging  to  the  pit ;  ut,  olfactory  membrane ;  tn  ',*  w",'mc,  membrane-forming  cell ;  w,  nerve 
of  si>ecial  sense;  «r,  nucleus  of  the  sense-  or  ganglion-cell ;  o,  opening  into  the  olfactory  pit ;  »i, 
olfactory  pit;  cp,  compound  pits;  jur,  wall  of  the  pit;  «,  a  large  seta;  sc^  »cii»e-  or  ganglion -ceil ; 
«^,  olfactory  or  sense-style,  sometimes  \ieg-shaped ;  ib,  tactile  bristle. 


1  In  1870  I  observed  these  sense-pits  in  the  antennro  and  also  in  the  ceroopoda  of 
the  cockroach  {Periplaneta  americana).  I  counted  about  90  pits  on  each  cercus. 
They  are  much  larger  and  much  more  numerous  than  similar  pits  in  the  antennae  of 
the  same  insect.  I  compared  them  to  similar  pits  in  the  antenuie  of 
the  cArrion-beetles,  and  argued  that  they  were  organs  rather  of  smelling 
than  hearing.  (Amer.  Nat.,  iv.,  Dec.  1870.)  Organs  of  smell  in  the  flies 
(Chrysopilaj  and  in  the  palpi,  both  labial  and 
maxillary,  of  Perla  were  described  in  the 
same  journal  (Fig.  270).  Compare  Vom 
Bath's  account  of  the  organs  in  the  cerco- 
pods  of  Acheta  (Fig.  271) ;  also  the  singular 


Fio.  270.  —  .4,  ft,  sense-organ  on  the  abdomi- 
nal appendages  of  a  fly  (Ohrvsoidla) ;  c,  sense- 
organ  on  the  terminal  joint  o/ palpus  of  Perla. 


Fig.  271.  —  Longitudinal  section  of  part  of 
cercus  of  AcAeta  dom^stiea  :  ch,  cuticuia ;  ht/j», 
hyp(Klermis;  u,  nerve;  h',  integumental  liairH. 
not  sensory  :  h*.  onlinarj'  hair;  h*,  s«*nsory  hair  : 
h*,  bladder-like  hair ;  ««,  sense-cell.  —  After  Vom 
Katli.  from  Sharp. 
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rdigioaa  the  pits  were  not  detected,  but  on  each  joint,  except  the 
eighth  basal,  there  are  about  200  small,  hollow,  curved  teeth  with  a 
fine  opening  in  front. 

Ill  the  Neuroptera  (Chrysopa)  there  occur  on  the  antennw,  besides 
numerous  very  long  tactile  bristles,  small  pale,  transparent  teeth. 
Xo  pits  could  be  detected. 

In  the  Hemiptera  (two  species  of  Pyrrhoeoris  only  were  examinedj 
only  two  kinds  of  tactile  bristles  occurred,  but  Hauser  detected  no 
pits,  though  Lesp^s  states  that  they  are  present. 

Of  the  Pijitera,  Hauser  examined  moi-e  than  60  species.      The 
pits  in  the  Diptera  braehyeera  (Muscidse,  etc.)  are  unexceptionally 
coniined  to  the  third  antennal  joint     Their  number  varies  extraor- 
dinarily in  the  different  species.     Hi^hphilus  Jlorens  has   on  each 
antennal   disk   only  a   single   pit,    while 
Echhiomi/ia  grosaa  possesses  liOO  of  them, 
in   flies  of  certain    families   the  pits   are 
(■oinjK)uud,  and  contain   10,  20,  and  often 
100   olfactory   hairs,    partly   arising   from 
the  coalescence  of  several  pits.     Such  pits 

ai-e  usually  divided  by  lateral  walls  into  , 

several  chambers,  whose  connection  is  only 
indicated  by  their  common  outlet.  Simple 
olfactoiy  pits  with  a  single  olfactory  style 
were  observed  only  in  the  Tabanidce, 
Asilidfe,  Bombylidse,  Leptid*,  Dolichopidie, 
Ktratiomyidse,  and  TipuHdte.  In  the  last 
the  comimund  forms  do  not  occur  at  all,     ,  Fm.sj*. --i.<mpfiucun»i»cit..n 

'  '    of  spell  uf  imlpuii  ot  Pitrl'  brut- 

but  in  the  other  families  mentioned  also  ->f™  .■  •ca,  k«i«  ;  rf.  niiicuin: 
occur  compound  pit.s,  receiving  from    two  •en«fi^i1ii;«*..pii(p-biirt.— After 

'^  .         .  °  Vom  Ksth.  from  Shnrjp. 

to  ten  nerve- terminations. 

The  antennal  pits  of  files  are  always  sac-like  invaginations  of  the 
external  chitinous  integument,  of  manifold  shapes,  opening  exter- 
nally and  never  closed  by  a  membrane.  The  pits  difEer  but  slightly 
in  the  different  species,  and  that  of  Ci/itonenm  utabuhuis  (Fig.  273)  ' 
is  described  at  length  as  typical  o£  those  of  brachycerous  flies  in 
general. 

The  olfactory  pits  of  the  Tipulidffi  seem  to  have  a  somewhat 
different  structure,  since  the  external  passage  is  closed.  It  is  cir- 
cular, surrounded  with  a  slight  chitinous  wall,  and  not  covered 
with  bristles.      Such   pits  in   their  external   ajipearance  are  like 
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those  of  the  locust  (Caloptenus)  and  many  Hynienoptera.  Tliey 
are  situated  usually  on  the  third  anteniial  joint.  Pnchyrhina  pm- 
letuiia  L.  has  about  60  of  them,  as  have  Tipnla  oteracea  L.  and 
Otenophora. 

In  the  Lepidoptera,  olfactory  pits  are  much  like  those  of  flies, 
Haiiser  describes  in  detail  those  of  Vanfgaa  io.    Those  of  the  moths 
were  not  examined,  but  they  can  1*   readily 
and  satisfactorily  proved  to  be  the  site  of  the 
olfactory  sense. 


P' 


"«? 


Fig.  ir,t.  —  L- 1  null  ml  I  Dal  wIEnn  thniitcb  the  Ibird  intcnnsl  Fii.  iU.  —  Anlinnii  or  Adi~ 

JolnlofiHvi'Vrtoufupii  ttiibuliin-t.  -Iiuwlm;  the  cuiujioiiiiil        lop«.«boHliiir  tlitul&ptur>urj«" 
pllt  from  ibuv*  md  in  wollun.  — Aft*r  llauHr.  (^)  In  Ihe  (Ivb  ta»l  Joliils. 

Historical  researches  in  respect  to  the  Coleoptera  generally  gave  a 
very  wnfavorable  result,  contrary  to  Lesp^s's  views.  That  author 
states  that  in  the  CarabitUe  the  jiits  are  found  on  the  fonr  first 
joints,  but  Hauser  could  discover  them  in  none  which  he  examined. 
Usually  only  tactile  bristles  occur,  so  also  in  the  Cerainbycidfe,  C'ur- 
culionidte,  Chrysomelidte,  and  Cautharidie,    In  a  blind  silphid  beetle 


OLFACTORY  Olit.AXS   OF  BEETLES  275 

(Adelopa  kirtiis)  of  ^lammotli  ('ave  we  have  found  well-marked 
olfactory  organs  (Fig.  274).  Similar  organs  occur  hi  the  anteniiEe  of 
the  Panorpidse. 

Olfactory  pits,  however,  without  doubt  occur  in  Silpha,  Necro- 
phonis,  Staphylinus,  Philoiitlius,  and  Tenebrio.  The  openings  of  the 
pits  are  small  and  surrounded  with  a  small  chitinous  ring ;  in  Silpha, 
Xecropiiorus,  and  Teuehrio  they  cannot  easily  be  distinguished  from 
the  insertion-cavities  of  the  bristles,  but  in  Philonthus  and  Staphy- 
linus they  are  less  like  them,  beiug  distinguished  by  their  somewhat 
larger  size  and  their  often  more  oval  form.  In  Philonlhua  f)ie>is 
about  100  such  small  pits  occur  irregularly  on  the  terminal  joints; 
besides,  in   this  species  on  each  side   of    the  terminal  joint  is  an 


garin.  —  After  Krael^Lln. 

apparatus  which  is  like  the  compound  pit  generally  occurring  in 
the  Diptera. 

Very  remarkable  pits  occur  in  the  antennal  lamellae  of  Melolontira 
vulgaris  (Fig.  27;">)  and  other  lamellicorns.  On  the  outer  surface  of 
the  first  and  seventh  (in  the  female  the  sixth)  antennal  leaf,  as  also 
on  the  edges  of  the  other  leaves,  only  arise  scattered  bristles ;  on 
the  inner  surface  of  the  first  and  seventh  leaves,  as  also  on  both  sur- 
faces of  the  second  to  sixth  leaves,  are  close  rows  of  rather  shallow 
depressions  of  irregular  fonn,  some  circular,  others  regularly  hex- 
agonal. Their  number  is  enormous :  in  the  males  ,39,0(MI,  in  the 
females  about  35,000,  occur  on  each  antenna. 

The  ant«nnal  pits  and  teeth  of  Dt/tinis  manjinalia  are  morphologi- 
cally and  physiologically  identical  with  those  of  bees  and  wasps.  In 
Anophtkalmng  bilimekii,  Haiiser  found  on  the  last  antennal  Joints 
about  60  teeth,  which  essentially  differ  in  form  from  those  previously 
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described;  they  are  very  pale,  transparent,  (cylindrical,  elongated, 
and  bent  elbuw-shaped  on  the  first  third,  so  that  the  last  two- 
thirds  run  parallel  with  the  antenna.  The  length  of  these  remark- 
able teeth  is  0.03i>  mm., 
their  breadth  0.005  mm. 
He  only  found  them  in 
Anophthalmus,  and  in  no 
other  species  of  Carabidae ; 
they  must  resemble  the 
teeth  described  in  Chry- 
sopa.  Our  species  jms- 
sesses  similar  processes 
(Fig.  277).  Similar  teeth 
occur  on  the  maxillary 
and  labial  palpi  of  beetles.  Dijtictis  ma}-ginali8  possesses  at  the  end 
of  each  terminal  palpal  joint  a  group  of  very  small  teeth,  which  were 
also  detected  in  Anophthalmus  bilimekii,  MelotouHia  vulgaris,  etc.     In 
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Cambua  violascens  were  detected  on  the  maxillary  palpi  large,  plainly- 
microscopical,  white  disks,  which  are  surrounded  with  a  great  num- 
ber of  extremely  small  teeth. 

Whether  the  above-deacribed  orgajis  od  the  palpi  of  beetles  should 
be  considered  as  olfactory  or  gustatory  in  their  nature  cait  only  be 
determined  by  means  of  physiological  experiments;  they  probably 
receive  taste-nerve  terminations. 

The  Hymenoptera  furnished  very  good  material  for  histological 
purposes,  so  that  Hauser  could  not  only  study  the  terminal  apparatus 
of  the  olfactory  nerves  in  the  per- 
fect insect,  but  also  in  three  differ- 
ent stages  of  the  pupa.  These  are 
described  at  length,  as  regards  the 
distribution  of  the  pits  and  teeth,  in 
Vespa  crahro;  each  joint  of  the 
antenna  (flagellum)  possesses  be- 
tween l.'JOO  and  1400  pits,  nearly 
60  teeth,  and  about  70  tactile  hairs ; 
on  the  terminal  joint  there  are  more 
than  200  tf  eth,  so  that  each  antenna 
has  between  13,000  and  14,000  ol- 
factory pits  and  about  700  teeth 
(Kegeln).  Fig.  278  represents  a 
cross-section  through  the  penulti- 
mate antennal  joint  of  Ve^pa 
cmbro;  we  can  see  how  thick  are 
the  series  of  oi>eningB  on  the  sur- 
face of  the  antennte,  and  how 
regular  is  the  distribution  of  the 
teeth. 

The  distribution  of  the  olfactory       ?,„.  279.  — oiBirtorv  pits  of  uio  •nunu 
pits    and    olfactory  teeth    is   thus  ""■"/""■"'i""-'"--irierKrK|«Hi.. 
seen  to  be  very  K'^neral ;  the  deviations  are  so  insignificant  that  there 
is  no  reason  for  the  establishment  of  more  than  one  tyj>e, 

-Vntennal  pits  with  a  small  crevice-like  opening  occur  in  genera 
nearly  allied  to  ^'espa  and  also  in  most  Ichneinuonid»,  Braconidai. 
and  Cynipidte.  But  the  crevice-like  openings  in  these  families  are 
considerably  longer  and  often  are  of  a  somewhat  twisted  shaj*.  In 
all  the  species  with  translucent  antennae  we  can  recognize  the  inner 
moTith  of  the  pit  as  a  roimd  or  nearly  round  disk  situated  usually 
under  the  middle  of  the  oiwning.  The  antennal  pits  of  Apis  mel- 
lijica,  as  well  as  those  of  Bombus  (Fig.  280)  and  allied  genei-a,  differ 
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from  those  of  the  Ichneumon  idte  in  being  not  like  crevices,  but 
circular  openings. 

The  distribution  of  the  olfactory  peg  or  tooth-like   projections 

seems  to  be  much  mote  limited  than  that  of  the  pits  in  the  Ich- 

^^  Ileum  on  idas.     Hauser   could   not    find   any, 

Apia    mellijica   possesses  on   each   aiitenual 


ir  KrupvUri. 


joint  only  about  twenty  slender  pale  teeth  starcelj  a  thud  a-*  niiny 
as  in  Vespa  c.rahro;  on  the  other  baud,  ^lllmlta,  of  which  ^niis 
several  species  were  examined,  seems  to  have  fai  more  teeth  tlian 
pits;  they  are  relatively  long,  pale,  transpaicnt,  and  somewhat 
clavate;  they  are  not  unlike  those  of  Chrysopa;  on  the  terminal 
joint  only  occur  the  round  oi)enings  {Fm),  which  lead  into  a  bottle- 


it  »nd  or  snlcnna  nr  (.■mupwlMr  A,  C.       git  olftoun^:  nit  In  theMl-nnn-.f  Ihe  horwllv 


shaped  invagination  of  the  integument  {Fc)  and  contain  an  olfactory 
style  (Fig.  281).  In  the  Tenth  red  inidie  only  teeth  andnopits  were  to 
be  detected.  Slrexhason  the  undersideof  the  nine  last  joints  of  each 
antenna  a  group  of  from  200  to  300  small  teeth,  which  resemble 
those  of  Veii])a  crabro ;  Lyda  has  on  the  terminal  joints  about  100 
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teeth.     We  may  add  that  supposed  organs  of   smell  occur  on  the 
antennae  of  Campodea  (Fig.  282). 

Kraepelin  also  thus  briefly  summarizes  Hauser's  statements  as  to 
the  forms  of  the  different  organs  of  smell. 

Tlie  manifold  nature  of  the  antennal  organs  has,  by  Hauser,  from  thorough 
studies  of  the  nerve-elements  belonging  to  them,  been  not  simplified  but  ren- 
dered more  complicated.  According  to  this  naturalist  we  may  distinguish  the 
following  forms  which  the  olfactory  organs  may  assume:  1.  *'Pale,  tooth-like 
chitinous  hairs  on  the  outer  surface  of  the  antennse,  which  are  perforated  at  the 
end  ;  nothing  is  known  as  to  the  relation  of  the  nerve  passing  into  it  (Chrysopa, 
Anophthalmus).  2.  In  pit-like  depressions  of  the  antennse  arise  nerve-rods 
(without  a  chitinous  case)  which  stand  in  direct  relation  with  a  ganglion-cell 
lying  under  it.  These  pits  are  either  simple^  viz.  with  only  an  *  olfactory  rod ' 
(Tabanus,  Fig.  283,  and  other  Diptera,  Vanessa),  or  compound  (Muscidie,  and 
most  other  Diptera,  and  Philonthus).  It  is  important  that  these  pits  are  partly 
open  (in  the  above-named  groups  of  insects),  and  partly  closed  and  covered  with  a 
thin  membrane,  under  whose  concavity  the  olfactory  rods  end  (Orthoptera, 
Melolontha,  and  other  lamellicorns).  3.  Short,  thick  pits  sunken  slightly  into  the 
surface  of  the  antenna;,  and  over  this  a  chitinous  peg  perforated  at  the  end,  in 
whose  base,  from  the  interior,  projects  a  very  singular  nerve-peg,  which  is  situated 
over  an  olfactory  ganglion-cell,  and  provided  with  a  slender  crown  of  little  rods, 
and  flanked  on  each  side  by  a  fiagellum-cell  (Hymenoptera).  4.  Round  or  crevice- 
like pits  covered  over  by  a  perforated  chitinous  membrane  with  nerve-rods  like 
those  in  3,  but  in  place  of  the  flagellum-cell  with  'membrane-forming'  cells 
spread  before  it.  Hauser  finally  mentions  further  differences  in  the  ganglion-cells 
sent  out  into  the  nerve-end  apparatus.  These  exhibit  in  Diptera  and  Melolontha 
only  one  nucleus,  in  Hymenoptera  a  single  very  large  one  (with  many  nucleoli) 
and  three  small  ones,  in  Vanessa  six,  in  Orthoptera  a  very  large  number  of 
nuclei,  etc." 
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c.  The  organs  of  taste 

The  gustatory  organs  of  insects  are  microscopic  pits  or  setae, 
either  hair-like  or  resembling  short  pegs,  which  form  the  ends  of 
ganglionated  nerves.  They  are  difficult  to  distinguish  morphologi- 
cally from  certain  olfactory  structures,  and  it  is  owing  to  their 
position  at  or  very  near  the  mouth  that  they  are  supposed  to  be 
gustatory  in  nature. 

Meinert  was  the  first  (1860)  to  suggest  that  organs  of  taste 
occurred  in  ants.  He  observed  ,in  the  maxillae  and  tongue  of  these 
insects  a  series  of  canals  in  the  cuticula  of  these  organs  connected 
with  ganglion-cells,  and  through  them  with  the  nerves,  and  queried 
whether  they  were  not  organs  of  taste.  Forel  afterwards  (1874) 
confirmed  these  observations.  Wolff  in  an  elaborate  work  (1875) 
described  a  group  of  minute  pits  (Fig.  284)  at  the  base  of  the  tongue, 
of  the  honey  bee,  which  he  supposed  to  possess  the  sense  of  smell, 
but  Forel  and  also  Lubbock  attributed  to  these  sensory  pits  the 
function  of  taste.  Ten  years  afterward  "Will  showed  conclusively, 
both  by  anatomical  studies  and  by  experiments,  that  Diptera  and 
Hymenoptera  possess  gustatory  organs.  He,  however,  denied  that 
the  organs  of  Wolff  were  gustatory,  and  maintained  that  organs  of 
smell  were  confined  to  the  maxillae,  paraglossae,  and  tongue.  As  we 
shall  see,  however,  what  appear  to  be  with  little  doubt  taste-pits, 
with  hairs  or  pegs  arising  from  them,  are  most  numerous  on  the 
epipharynx  of  nearly  all  insects,  and  situated  at  a  point  where  they 


282  TEXT-BOOK   OF  ESTOMOLOGY 

necessarily  must  come  in  contact  with  the  food  aa  it  enters  the 
mouth  and  passes  down  the  throat. 

Kraepeliii  (1883)  discovered  taste-organs  on  the  proboscis  of  the 
fly,  and  taste-hairs  at  the  end  of  the  tongue  of  the  humble-bee 
(Fig.  285),  and  afterwards  Lubbock  critically  discussed  the  subject, 


Fra,  »(.  — Tiwtfl-plWonthf  eplphnrvni  (Tt  nf  lh»  hn...,  ...._.  . 
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and  concluded  that  the  organs  of  taste  in  insects  are  situated  "  either 
in  the  mouth  itself,  or  on  the  organs  immediately  surrounding  it." 

Structure  of  the  taste-organs.  — The  organs  have  been  l)e8t  studied 
by  'Will,  who,  besides  describing  and  figuring  the  cliitlnons  struct 
ures,  such  as  the  pits  or  eiips,  hairs  and  tlie  pegs,  showed  that  they 
were  the  terminations  of  ganglionated  nerves. 

Figure  28fi  represents  the  taste-cups  on  the  maxilla  of  a  wasji,  and 
Fig.  287  the  taste-cone  or  peg  projecting  from  the  cup  or  pit  Tlie 
cell  out  of  which  the  pit  and  projecting  hair  or  i)eg  are  formed  is  a 
modified  liyjioderniis  cell ;  and  the  seta  is  apparently  a  modification 
of  a  tactile  hair,  situated  at  the  end  of  a  nerve,  which  just  beneath 
the  chitinoua  structures  jiasses  into  a  ganglion -cell,  whicli  sends  off  a 
nerve-fibre  to  the  main  nerve. 

Will  detected  on  the  tongue  of  the  yellow  ant  (iMfiius  Jfat^im)  from 
20  to  24,  and  in  Atta  from  40  to  r>2,  of  these  structures.  The  num- 
ber of  pits  on  the  raaxillw  vary  much,  not  always  being  the  same  on 
the  two  sides  of  the  same  insect.  We  have  observed  these  taste- 
cups  in  the  honey  and  humble  hee,  not  only  at  the  liase  of  the  second 
maxillic  (Fig.  288, 17),  but  also  on  the  paraglossse  ( }>g). 

Diatribution  in   other  orders   of   iusecta.  —  The   nritor   has  detected   tliese 

tasle-cups  In  other  orders  than  Diptera  and  Hyinpnnptera.  They  very  gener- 
ally occur  In  111  and ibii late  insects  on  the  more  exposed  surface  of  the  epiphikr^-iix 
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(compare  pp.  43-46).    We  bave  not  observed  them  in  the  Synaptera  (Lepiarua 
and  Macbilis). 

In  the  Dermaptera  the  taiite-cups  appear  to  be  undeveloped  in  tbe  nymph, 
while  in  the  adult  they  are  fewer  in  number  than  in  any  other  pterygote  order 
yet  investigated. 

In  a  species  of  Forflcula  from  Cordova,  Mexico,  the  taste-pita  are  few  in 
number,  there  being  only  about  a  dozen  on  each  side  in  all ;  most  of  tlieni 
being  situated  on  the  anterior  half,  and  a  few  near  the  base.  The  taste-pits  are 
provided  each  with  a  short  flne  seta,  as  usual  arising  from  the  centre. 

In  the  order  Platyptera  (including  Perla, 
Pteronarcys,  Psocus,  Termes,  Eutermes,  nnd 
Termopeis)  we  have  been  unable  to  detect  any 
organs  of  taste. 
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In  the  Odonata,  however,  they  are  fairly  well  developed;  in  Oalopteryx, 
about  60  taste-cupa  were  discovered ;  in  a  species  of  I>iplax  about  2H,  there 
being  a  group  of  14  at  the  base  of  the  epipharynn  on  each  side  of  tbe  median 
line,  while  in  ^Eickna  htros  there  are  two  groups  of  from  25  to  30  taste-cu]is, 
Eituated  as  in  the  two  aforenamed  genera. 

In  the  Orthoptera  the  gustatory  cups  are  numerous,  well  developed,  and  pres- 
ent in  all  the  families  except  the  I'hasmids,  where,  however,  they  may  yet  be 
found  to  occur. 
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the  labrum,  besides  about  10  cells,  which  may  be  gustatory  structures,  situated 
on  either  side  of  a  median  setose  ridge  which  passes  back  under  the  clypeal 
region. 

The  taste-cups  of  the  leaf-beetles  are  fairly  numerous,  judging  from  an  ex- 
amination of  Diahrotica  vittata.  The  surface  of  the  epipharynx  is  pilose,  but 
the  median  region  is  naked,  and  on  the  anterior  half  bears  from  11  to  12  taste- 
cups,  arranged  each  side  of  the  median  line  in  a  rude  Y.  On  each  side,  at  the 
base  of  the  labial  region,  are  two  sensitive  lields,  each  bearing  about  25  to  26 
taste-cups.    More  were  seen  under  the  clypeus. 

In  the  Neuroptera  unmistakable  taste-cups  are  not  always  present.  In 
Sialis  infumata  along  the  median  line  of  the  epipharynx  and  near  the  front  are 
about  20  scattered  gustatory  pegs,  which  are  minute,  but  longer  and  more 
acute  than  usual.  In  Chauliodes  maculatua  there  are  one  or  two  taste-cups 
under  the  front  edge  of  the  clypeus;  others  are  scattered  along  the  middle 
from  the  base  of  the  labrum  to  the  front,  but  are  not  arranged  in  definite  order. 
In  Corydalis  cornntus  no  sense-cups,  pits,  or  rods  are  present.  In  Chrysopa 
there  are  scattered  cups  armed  with  a  short  acute  bristle,  which  are  possibly 
gustatory  in  function.  In  Mynneleon  diversum  also  the  presence  of  sense-pits 
or  of  taste-cups  is  doubtful,  though  a  group  of  about  12  pits  on  each  side  of  the 
clypeal  region  of  the  epipharynx,  and  a  few  situated  at  the  base  of  the  labral 
region,  may  be  endowed  with  the  sense  of  taste.  In  Mantispa  brunneoj  how- 
ever, along  the  middle  of  the  epipharynx  are  scattered  about  30  unmistakable 
taste-cups,  each  bearing  a  short,  fine  hair. 

In  the  Mecoptera  (Panorpa  debilis  f)  taste-cups,  giving  rise  to  a  minute  hair, 
occur  on  the  labium  in  two  regions,  and  also  on  the  maxillae  situated  on  the 
stipes  near  the  base  of  the  palpi,  and  on  the  lacinia  and  galea.  They  are  also 
to  be  found  on  the  maxillae  of  Boreus  californictiSy  but  were  not  detected  on  the 
labium. 

They  were  first  detected  by  Reuter  in  various  microlepidoptera,  and  occur  on 
the  ^' basal  spot^*  of  the  palpi  of  many  butterflies.  In  a  Tineid  moth  {Coleit- 
phora  coruscipennella)  we  have  detected  what  we  suppose  to  be  a  group  of  four 
taste-pits  on  the  inner  side  of  the  basal  joint  of  the  labial  palpi. 

Experimental  proof.  —  No  one,  says  Lubbock,  who  has  ever  watched 
a  bee  or  wasp  can  entertain  the  slightest  doubt  as  to  their  possession 
of  the  sense  of  taste.  "  Forel  mixed  morphine  and  strychnine  with 
some  honey,  which  he  offered  to  his  ants.  Their  antennae  gave  them 
no  warning.  The  smell  of  the  honey  attracted  them,  and  they  began 
to  feed;  but  the  moment  the  honey  touched  their  lips  they  perceived 
the  fraud." 

Will  at  first  fed  wasps  with  sugar,  so  that  they  frequently  visited 
it ;  afterwards  he  substituted  aluni  for  the  sugar.  Eagerly  flying  to 
it,  they  had  scarcely  touched  it  when  they  drew  back  from  the  dis- 
tasteful substance  with  the  most  comical  gestures,  and  cleaned  their 
tongues  by  frequently  running  them  in  and  out,  repeatedly  stroking 
them  with  their  fore  feet.  He  noticed  a  great  repugnance  to  qui- 
nine in  nearly  all  the  insects  experimented  on.  Bees  and  wasps 
were  observed  to  have  a  more  delicate  gustatory  sense  than  flies, 
etc.,  which  are  more  omnivorous  in  their  tastes. 
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d.   The  organs  of  hearing 

Although  it  has  been  denied  by  Forel  that  insects  have  the  sense 
of  hearing,  yet  the  majority  of  writers  and  experimenters  agree  that 
insects  are  not  deaf.  On  general  grounds  if,  as  we  know,  many  in- 
sects produce  sounds,  it  must  follow  that  they  have  ears  to  hear,  for 
there  is  every  reason  to  suppose  that  the  sounds  thus  made  are,  as  in 
other  animals,  either  for  attracting  the  sexes,  for  a  means  of  com- 
munication, or  to  express  the  emotions.  We  will  begin  by  briefly 
describing  the  structures  now  generally  supposed  to  be  auditory  in 
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function,  and  about  which  there  can  b«  no  reasonable  doubt,  and 
then  consider  the  more  problematical  organs,  closing  with  an  account 
of  the  extremely  various  meana  of  producing  sounds  and  cries. 

The  ears  or  tympanal  and  chordotonal  sease-organa  of  Ortboptera  and 
other  Insects.  —  The  ears  or  tympana  of  locusts  (Acrydiida;)  are  situ- 
ated one  on  each  side,  on  the  basal  joint  of  the  abdomen,  just  l>ehincl 
the  first  abdominal  spiracle.  That  this  is  a  true  ear  was  first  sug- 
gested by  J.  Muller,  and  his  opinion  was  confirmed  by  Siebold,  Ley- 
dig,  Hensen,  Graber,  Schmidt,  Lubbock,  etc.' 


Ufrmlniil  mnKllon  ;  •(.  etlKini ;  tn.  npehlnr^^Miid  m',  rloslng.  niusclf  of  tlic  nunf ;  Jf,  lentor  iiiiiM-l.! 

The  apparatus  consists  of  a  tense  membrane,  the  tympanum,  sur- 
rounded by  a  horny  ring  (Fig.  29<>).  "  On  the  internal  surface  of 
this  membrane  are  two  hom-Hke  processes  (o,  m),  to  which  is  attached 
an  extremely  delicate  vesicle  {bi)  filled  with  a  transparent  flviid,  and 
representing  a  membranous  labyrinth.  This  vesicle  is  in  connection 
with  an  auditory  nerve  (n)  which  arises  from  the  third  thora^-ic 

1  Fiirel,  however  (Rtnieil  Zoologique  Siiiinf,  ISST).  denies  Ihnt  these  tyinpanlr 
organs  Are  necessarily  ears,  and  Uiliiks  that  all  Insects  are  deaf,  with  no  spwial 
organs  of  hearing,  but  that  sounds  are  heani  by  their  tactile  organs,  Jusi  as  rleaf- 
mutes  perceive  at  a  distance  the  rumbling  of  a  rarriage.  But  he  appears  to  overlook 
the  fact  that  many  Crustacea,  and  all  shrimps  and  crabs,  aa  well  as  many  molliucs, 
have  organs  of  hearing.  The  German  anatomist  Will  believes  that  losects  hear  only 
the  stridulatlun  of  their  own  species.  Lubtnck  thinks  that  beea  and  aats  »ri;  uot 
deaf,  but  hear  sounds  so  shrill  as  to  be  beyond  our  hearing. 
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ganglion,  fonns  a  ganglion  (ga)  upon  the  tympanum,  and  terminates 
in  the  immediate  neighborhood  of  the  labyrinth  by  a  nolleetion  .of 
cuneiform,  staff-like  bodies,  with  very  finely  pointed 
extremities  (primitive  nerve-fibres '.'),  which  are  siir- 
rouuded  by  loosely  ag'gregated  ganglionic  globules" 
(Siebold's  Anatomy  of  the  Invertebrates). 

Ill  the  green  grasshoppers,  katydids,  and  their 
allies,  the  ears  are  situated  on  the  fore  tibife,  where     t)  i. 

these  organs  can  be  found  after  a  careful  search     **  ^ 

(Figs.  291,  2(12). 

The  presence  of  the  structure  is  indicated  by  the 
oval  disc,  the  drum,  which  is  a  thin  tense  mem- 
brane covering  the  auditory  apparatus  of  nerves, 
ganglion  cells,  and  auditory  rods  beneath.  y,,,,  a»i.  —  f«™ 

The  tympana,  or  drums,  are  not  preseiit  in  all  I.ocustid(e  uivdrum':  I'r.  (iumn 
and  Grjllidie,  and,  na  Lubbock  atatea,  it  is  an  additional  Jni"!,"'  "^'^_'l'J|"' 
reason  for  regarding  them  as  auditory  organs,  tbal  in  tliose  lirabrr,  rmiii  Ltsg. 
Hpecies  which  posaess  no  atridulattn^  organs  the  tympana 
are  alao  wanting.  In  many  of  the  l^cuatidiB  tlie  tynipana  are  covered  or  pro- 
r  them.     These  covered  ones  are. 


On  examiniug  the  apparatus  within  the  leg  under  the  drum,  it  is 
seen  to  consist  of  the  trachea,  the  auditory  vesicles  and  rods,  gan- 
glion cells,  and  acoustic  nerve.  The  trachea  is  greatly  modified 
(Fig,  2i)2,  Tr  1).    On  passing  into  the  tibia  the  trachea  enlarges  and 


Fra.  Mi.  — .*.  (hnttlbliof  ■  —    , 

[Anninnr  outer  membnne:  TVKTVS.Ir 

nii-IInK  wllh  Iho  tynipmniiln;  J.,    ...  ..  _ 

!••  Ih*m  :  IM.  Ih*  iiiaiorv  rod  ronntetlng  uKh  (he  inn|c1lnn.«4ll.  ~  Arter  Onl 

lIHl  XLlwhP. 

divides  into  two  branches,  which  reunite  lower  down.  The  spiracles 
supplying  the  air  to  this  enlarged  trachea  are  considerably  enlarged, 
while  in  the  dumb  species  it  is  of  the-normal  size.     The  enlarged 
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trachea  passes  close  to  the  tympanum,  which  thus  has  air  on  both 
sides  of  it :  the  open  air  on  the  outer,  the  air  of  the  trachea  on  its 
innei'  surface.     In  fact,  as  Lubbock  states,  "the  trachea  acts  like  the 
Eustachian  tube  in  our  own  ear ;  it  main- 
tains an  equilibrium  of  pressure  on  each 
side  of  the    tympanum,  and   enables  it 
freely  to  transmit  the  atmospheric  vibra- 
tions." 

These  trachea,  says  Graber,  ihough  formed 
on  a  similar  plan,  present  many  variations,  cor- 
'  responding  to  those  of  tlie  tympana,  and  showing 
tliat  the  tympana  and  the  iracheie  stand  in 
intimate  connection  with  one  another.  For 
instance,  in  those  species  where  the  tympana  are 
equal,  thetrachete  are  so  likewise ;  in  Gijliotalpa, 
where  the  front  tympanum  only  ia  developed, 
though  hodi  tracheal  branches  are  present,  the 
front  one  is  nmch  larf^er  than  tbe  other ;  and 
where  there  is  nn  tjm 
panam.the  tr^ichea  remains 
comparatively   small    an  1 

vided(Lubbuckfj'(jraber) 

The  acoustic  ner\e, 
which  next  to  the  optic 
is  the  thickest  in  the 
body,  divides  soon  after 
etitemig  the  tibia  into 
two   branches,  one   al- 
most immediately 
foniiing  a  ganglion,  the 
supratyuipanal  gangli- 
on, the   other   passinij       f'"-  **•,  —  .iminiwr 
down    t»    the    tynijia-  B<tn.-/rf.  mrfii.iii- n»i: 
uura,  where  it  expands   Ari<T(i™i»r.  froni  Lui^ 
inihatLbiji.^aKm-sii..i.[«T.  iWine  into  an  elonjrated  flat 
EBi.  larmimi  \,r-.Mv~  ot  si^iniM'*  ganglloii,  the  oi'gau  of  Siehold  (Fig.  L'O.'l), 
iHiid ;  V,>.  gmnij of  leMi-im  nf  Miiii,' ;   and    closelv     aiiplied     to     the     anterior 

.VI.  nrn-e^iiiliiiKx  of  ■hi'  Mint!  rT.  ,  -'         " 

rr-intlrniiHiiiuiii:  rTV.  Ihmi  bismli    tracheiK 

irr,  biiHiitr  branch  c>f  iiir  inrh..<i:  At  the  upper  part  of  the  ganglion  is  a 

rii|'j™^ipiiii«i'BiiieM..iiT  "'.'c!!!!'  group  tpriiiinating  below  in  a  single  row 

elir,ii°wiiri»i  ih»'iirmiii»i  vpn'ici."';  of  vesicles,  the  first  few  of   which  are 

j«f*rii*oin'iTfiiB''iii»iiibnin»,  *(«hrr  approsiiiiatejy    equal,  but    which    stibse- 

Afifr  iTrBN'r"'"  "     '■''•"'  of-i—  queiitly  diminisli  regularly  in  size.    Each 
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of  these  vesitlea  ia  connected  with  the  nerve  by  a  fibril  (Fig.  2i).'!, 
vN),  and  contains  an  auditory  rod  (Fig.  294).  They  are  said  by 
Graber  to  be  brightly  refractive,  hollow  (thus  differing  from  the 
retinal  rods,  which  are  solid),  and  terminate  in  a  separate  end-piece 
{ko).  The  rods  were  first  discovered  by  Siebold,  and,  as  Lubbwk 
remarks,  may  be  regarded  as  specially  characteristic  of  the  acoustic 
organs  of  insects. 

A8  will  be  seen  in  Fig.  293,  tit  the  upper  pari  of  the  tibial  organ  of  Ephippi- 
gera  there  U  a  group  of  cells,  and  twiow  them  a  single  row  of  cells  gradually 


diminishing  in  size  from  above  down-  * 
wards.  "One  cannot  but  ask  oneself," 
saj's  Lubbock,  "whether  the  gi'adually 
diminisliinK  size  of  the  cells  in  the  oi^an 
of  Siebold  may  not  have  reference  to  tiie 
perception  of  different  notes,  as  is  the 
cawn  with  the  series  of  diminishing  arches 
in  the  oi^an  of  Corti  of  our  own  ears." 

These  organs  were  supposed  lo  be 
restricted  to  tlie  Ortlioplera,  but  in  1877 
Lubbock  discovered  what  seems  to  resem- 
ble the  supra-tympanal  auditory  oritan 
of  Orthoptera  in  tbe  tibia  of  the  yellow 
ant  (iMniui  JIariis),  fJraber  conflrmed 
Lubbock's  account,  and  also  discovered 
these  organa  in  the  tibia  of  a  Perlld 
(IsnptiTffx  fipicdlia),  and  Fritz  MUUer  has 

detected   thera   in  the   fore  libiie  of  the     oC  \ _. , „, 

nymph  of  Valnttrmes  riigoaua  (Fig.  2B5).  nJ',:„j'?'^"  ph'^Xiuil'  "pn'S"""  mlllf 
To  these  structures  Graber  gave  the  name  iiionliitonBl  nrttin;  or.  irnninal  ni'nl:  ')', 
of  cliordolonal  organs.  iMulnMUl '  Mrvei" -'"AXT^'triiilCT 

He  has  also  detected  these  organs  in  all     Uiiu.  ' 

tbe   legs  of    other   Insects   (Trichnptera, 

Pediculids),  and  auditory  rods  have  been  discovered  in  the  antennce  of  Dyticus 
and  of  TelepboruH  by  Hicks,  Leydig,  and  Graber.  Graber  classifies  the  chordo- 
tonal  organs  into  truncal  and  membra).  In  Coleoptera  and  Tricliuptera  they 
may  occur  on  several  joints  of  the  leg ;  others  are  more  localized,  —  thus  he  dis- 
lingnishea  femoral  (Pediculidaj),  tibial  (Orthoptera,  Ferlldie,  Formicidie),  and 
tarsal  organs  (Coleoptcra). 

A  type  of  chordotonal  organ,  observed  in  the  body-segments  of  the  larvte  of 
several  insects  by  Leydig,  Weismann,  Graber,  Grobben,  and  Bolles  Lee,  la  to 
be  seen  in  the  transparent  larva  of  Corethra  (Fig.  200),  where  the  auditory 
o^an  extends  to  tbe  skin.    It  contains  at  the  point  c»  two  or  three  auditoir 
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rods.  In  the  opposite  direction  a  fine  ligament  (c/)  passes  from  eg  to  the  skin ; 
in  this  way  the  auditory  organ  is  suspended  in  a  certain  state  of  tension,  and  is 
favorably  situated  to  receive  even  very  fine  vibrations.  A  similar  apparatus^ 
has  been  detected  in  the  larva  of  Ptychoptera. 

Antennal  auditory  hairs.  —  It  is  not  at  all  improbable  thai;  the 
antennsB  of  different  insects  contain  auditory  as  well  as  olfaetor}- 
structures.  Lubbock  has  suggested  that  the  singular  organs  which 
have  only  been  found  in  the  autennie  of  ants  and  certain  bees,  and 
to  which  he  gives  the  name  of  "  Hicks'  bottles  "  (Fig.  281),  may  act 
as  microscopic  stethoscopes,  while  Ley  dig  also  regards  them  as 
chordotonal  organs. 

That,  however,  some  of  the  antennal  hairs  of  the  mosquito,  as  first 
suggested  by  Johnson  and  afterwards  proved  experimentally  by 
Mayer,  are  auditory,  seems  well  established.  Fastening  a  male 
mosquito  down  on  a  glass  slide,  Mayer  then  sounded  a  series  of 
tuning-forks.  With  an  Ut4  fork  of  512  vibrations  per  second,  some 
of  the  hairs  were  seen  to  vibrate  vigorously,  while  others  remained 
comparatively  at  rest.  The  lower  (Utg)  and  higher  (Ut,)  harmonics 
of  Ut4  also  caused  more  vibration  than  any  intermediate  notes. 
These  hairs,  then,  are  si)ecially  tuned  so  as  to  respond  to  vibra- 
tions numbering  512  per  second.  Other  hairs  vibrated  to  other 
notes,  extending  through  the  middle  and  next  higher  octave  of  the 
piano. 

Mayer  then  made  large  wooden  models  of  these  hairs,  the  one 
corresponding  to  the  Ut,  hair  being  about  a  metre  in  length,  and  on 
counting  the  number  of  vibrations  they  made  when  they  were 
clamped  at  one  end  and  then  drawn  on  one  side,  he  found  that  it 
*^  coincided  with  the  ratio  existing  between  the  numbers  of  vibra- 
tions of  the  forks  to  which  covibrated  the  fibrils,"  or  hairs.  It 
should  l)e  observed  that  the  song  of  the  female  mosquito  corresponds 
nearly  to  this  note,  and  would  consequently  set  the  hairs  in  vibra- 
tion. Mayer  observed  that  the  song  of  the  female  vibrates  the  hairs 
of  one  of  the  antenna*  more  forcibly  than  those  of  the  other.  Those 
auditory  hairs  are  most  affected  which  are  at  right  angles  to  the 
direction  from  which  the  sound  comes.  Hence  from  the  position  of 
the  antennte  and  the  hairs  a  sound  will  be  loudest  or  most  intense  if 
it  is  directly  in  front  of  the  head.  If,  then,  the  song  of  the  female 
affects  one  antenna  more  than  another,  the  male  turns  his  head  until 
the  two  antenna^  are  equally  affected,  and  is  thus  able  to  fly  straight 
towards  the  female.  From  his  experiments  Mayer  found  that  the 
male  can  thus  guide  himself  to  within  5**  of  the  direction  of  the 
female.     Hence  he  concludes  that  "  these  insects  must  have  the  fac- 
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iilty  of  the  perception  of  the  direction  of  sound  more  highly  devel- 
oped than  in  any  other  class  of  animals."     (Also  see  Child's  work.) 

Special  sense-organs  in  the  wings  and  halteres.  —  Organs  of  a  special  sense, 
which  Hicks  supposed  to  be  those  of  smell,  were  found  by  him  near  or  at  the 
base  of  the  wings  of  Diptera,  Coleoptera,  and  less  perfect  ones  in  Lepidoptera, 
Neuroptera,  and  Orthoptera,  with  a  trace  of  them  in  Hemiptera ;  but  these 
were  considered  by  Leydig  to  be  auditory  organs,  since  he  found  the  nerves  to 
end  in  club-shaped  rods,  like  those  of  Orthoptera. 

Hicks  found,  as  to  the  halteres  and  their  sense-organs,  that  the  nerve  in  the 
halter  is  the  largest  in  the  insect,  except  the  optic  nerve  ;  and  that  at  the  base 
of  the  halteres  is  a  number  of  vesicles  arranged  in  four  groups,  to  each  of 
which  the  nerve  sends  a  branch.  Afterwards  Bolles  Lee  discovered  that  the 
vesicles,  undoubtedly  perforated,  contain  a  minute  hair,  those  of  the  upper 
groups  being  protected  by  hoods  of  chitine.  He  regarded  them  as  olfactory 
organs,  while  Lubbock  seems  inclined  to  consider  them  as  auditory  stiiictures. 
Graber  also  regards  the  vesicles  of  Hicks  as  chordotonal  organs. 

In  his  elaborate  account  of  the  balancers,  Weinland  concludes  that  the 
organs  of  sense  of  varying  structure  occurring  at  the  base  of  these  appendages 
allow  the  perception  of  movements  which  the  halteres  perform  and  which 
enable  the  fly  to  steer  or  direct  its  course.  The  halteres  can  thus  cause  differ- 
ences in  the  direction  of  the  flight  of  a  fly  in  the  vertical  plane.  If  the  bal- 
ancers act  unequally,  there  is  a  change  in  direction. 

e.  The  Bounds  of  insects 

Insects  have  no  true  voice;  but  sounds  of  different  intensity, 
shrill  cries,  and  other  noises  are  produced  mechanically  by  insects, 
either  being  love-songs  to  attract  the  sexes,  to  give  signals,  to  com- 
municate intelligence,  or  perhaps  to  express  the  emotions.  The 
loud,  shrill  cry  of  the  Cicada,  or  chirp  of  the  cricket,  is  evidently  a 
love-call,  and  results  in  the  mating  of  individuals  of  separate  broods 
more  or  less  widely  scattered,  thus  preventing  too  close  inter- 
breeding. 

The  simplest  means  of  making  a  noise  is  that  of  the  death-watch 
(Anobium),  which  strikes  or  taps  on  the  wall  with  its  head  or 
abdomen.  Longicorn  beetles  make  a  sharp  sound  by  the  friction 
of  the  mesoscutellum  against  the  edge  of  the  prothoracic  cavity,  the 
head  being  alternately  raised  and  lowered.  Burying-beetles  (Necro- 
phorus)  rub  the  abdomen  against  the  hinder  edges  of  the  elytra. 
Weevils  make  a  loud  noise  by  rapidly  rubbing  the  tips  of  the  abdo- 
men on  the  ends  of  the  elytra. 

Landois  offers  the  following  summary  of  the  kinds  of  noises  produced  by 
beetles : 

L   Tapping  sounds  (Bostrycinae,  Anobium). 

2.  Grating  sounds  (Elateridje). 

3.  Friction  without  special  rasping  organs  {Euchinis  longimanus). 
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4.   Hasping  sounds  produced  by  friction : 

a.    Rubbing  of   the  pronotum  on  the  mesonotum   (Cerambycidse  except 

Spondyli  and  Frionus). 
h.    Friction  of  the  prosternum  on  the  mesostemum  (Oinaloplia  hrunnea). 

c.  Elytra  with  a  rasp  at  the  end  (Curculionidie,  Dyticidie,  Pelobius). 

d.  With  a  coxal  rasp  (Geotrupes,  Ceratophyus).     The  male  of  Ateuchus 

stridulates  to  encourage  the  female  in  her  work,  and  from  distress 
when  she  is  removed.     (Darwin.) 

e.  Friction  of  the  edge  of  the  elytra  against  the  femur  {Chiasoguathus 

grantU). 

f.  Pygidium  with  two  rasps  in  the  middle  (Crioceris,  Lema,  Copris,  Orjctes, 

Necrophorus,  TenebrionidaB). 

g.  Abdomen  with  a  grating  ridge  and  four  grating  plates  (Trox). 

h.    Abdomen  with  two  toothed  ridges  rubbing  on  a  rasp  on  edge  of  wing- 
cover  (Elaphus,  Blethisa,  Cychrus). 
1.     Rubbing  the  elytra  on  a  rasp  on  the  hind  wings  {Pelobius  hermanni). 
j.    Friction  of  the  wing  against  the  abdominal  segments  (Melolontha  fuUo). 

^lutilla  makes  a  rather  sharp  noise  by  rubbing  one  abdominal  segment 
against  another.  Ants  (Ponera)  have  a  stridulating  apparatus,  and  other 
genera  numerous  (20)  ridges  between  the  segments. 

Even  certain  motlis  and  butterflies  emit  a  rasping  or  crackling  noise.  The 
death^s-head  moth  and  other  sphinges  cause  it  by  rubbing  the  palpi  against  the 
base  of  the  proboscis.  These  and  certain  butterflies  are  provided  with  parallel 
ridges  forming  a  rasp  on  the  *'  basal  spot "  of  the  inner  side  of  the  basal  joint  of 
each  palpus  (lleuter).  A  South  American  butterfly  (Ageronia  feronia)  can  be 
heard  for  several  yards  as  it  flies  with  a  crackling  sound.  Ilampson  iimU 
that  the  cause  of  the  clicking  sound  is  due  to  a  pair  of  strong  chitinous  hooks 
attached  to  the  thorax,  against  which  play  the  spatulate  ends  of  a  pair  of  hooks 
attached  to  the  fore  wings.  An  Australian  moth  (Hecatesia)  flies  with  a  whiz- 
zing sound  ;  Vanessa  is  said  to  be  sonorous. 

Tlie  males  of  Orthoptera  produce  their  shrill  cries  or  chirping  noises,  1,  by 
rubbing  the  thighs  against  the  sides  of  the  body  (Acrydiidie)  ;  2,  by  the  fric- 
tion of  the  base  of  the  fore  wings  on  each  other  (liocustidje) ;  8,  by  rubbing 
the  base  of  the  upper  on  the  base  of  the  hinder  or  under  pair  (Grjilidte),  in 
the  two  last  there  being  a  shrilling  apparatus  consisting  of  a  flie  on  the  bind 
wings,  which  rubs  on  a  resonant  surface  on  the  fore  wings.  The  females  are 
not  invariably  dumb,  both  sexes  of  the  Euroj>ean  Ephippigera  being  able  to 
faintly  stridulate.    Corixa  also  produces  shrill  chirping  notes.     (Cari^enter. ) 

Certain  insects  also  hum,  and  have  what  may  perhaps  be  called  a 
voice.  The  cockchafer,  besides  humming  with  the  wings,  produces  a 
sound  almost  like  a  voice.  In  the  large  trachea,  just  behind  eai'h 
spiracle,  is  a  chitinous  process,  which  is  thrown  into  vibrations  by 
the  air  during  respiration,  and  thus  produces  a  humming  noise. 
(Lubbock.)  Such  is  also  the  case  with  flies,  the  mosquito,  dragon- 
flies,  and  bees.  In  flies  and  dragon-flies  the  "voice"  is  caused  by 
the  air  issuing  from  the  thoracic  spiracles ;  while  in  the  humble-bee 
the  abdominal  spiracles  are  also  musical.  The  sound  made  by  the 
spiracles  bears  no  relation  to  that  caused  by  the  wings.     Landois 
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tells  us  that  the  wing-tone  of  the  honey-bee  is  A' ;  its  voice,  how- 
ever, is  an  octave  higher,  and  often  goes  to  B"  and  C". 

The  sounds  produced  by  the  wings  are  constant  in  each  species,* 
except  where,  as  in  Bombus,  there  are  individuals  of  different  sizes  ; 
in  these  the  larger  ones  generally  give  a  higher  note.  Thus  the 
comparatively  small  male  of  Bombus  terrestris  hums  on  A',  while  the 
large  female  hums  an  entire  octave  higher. 

From  the  note  produced  the  rapidity  of  the  vibrations  can  be  cal- 
culated. For  example,  the  house-fly,  which  produces  the  sound  of  F, 
vibrates  its  wings  21,120  times  in  a  minute,  or  335  times  in  a  second ; 
and  the  bee,  which  makes  a  sound  of  A',  as  many  as  26,400  times,  or 
440  times  in  a  second.  On  the  contrary,  a  tired  bee  hums  on  E',  and 
therefore,  according  to  theory,  vibrates  its  wings  only  330  times  in  a 
second.  Marey  has  confirmed  these  numbers  graphically,  and  found 
by  experiment  that  the  fly  actually  makes  330  strokes  in  a  second. 
(Lubbock.) 

A  different  kind  of  musical  apparatus  is  that  of  the  cicada,  which 
has  been  elaborately  described  by  Graber.  The  shrill,  piercing  notes 
issue  from  a  pair  of  organs  on  tlie  under  side  of  the  base  of  the  abdo- 
men of  the  male,  these  acting  somewhat  as  two  kettle-drums,  the 
membrane  covering  the  depressions  being  rapidly  vibrated. 
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THE  DIGESTIVE  CANAL   AND  ITS   APPENDAGES 

The  alimentary  or  digestive  canal  of  insects  is  a  more  or  less 
straight  tube,  which  connects  the  mouth  and  anus,  the  latter  in- 
variably situated  in  the  last  segment  of  the  body,  under  the  last 
tergite  or  siiranal  plate.  It  lies  directly  over  the  ventral  nervous 
cord  and  under  the  dorsal  vessel,  passing  through  the  middle  of  the 
body  (Fig.  297).     It  is  loosely  held  in  place  by  delicate  retractor 


Fio.  MT.  —  TisD<v«r»  •eollAn  UiraUEh  u  ■bdomlnul  Wfnnent  at  lim  ot  MtgaUipyot 
cHtpol'i^  »howLn|r  Ifae  reLatlaiifl  of  thfl  dlRasUv^  CAliAl  to  tbo  other  vrmns :  int,  hlnd-lnhntlne.  uilb 
lu  mucouii  or  epIlDBllaJ  layer  {fp\.  ind  m'  Its  onler  or  munrulu'  layer ;  uff,  Feblral  ^iiflloii ;  ht. 
bttn ;  mil.  ntinuy  lubos :  f,  nil-body ;  w.  Ihtckenol  portton  at  the  hy[ioileniiit  (Ayl  iinlilnlnit 

muscles  (retruetores  ventriculi,  found  by  Lyonet  in  the  larvte  of 
Lepidoptera,  aiid  occurring  in  those  of  Diptera),  but  is  principally 
supported  by  exceedingly  numerous  branches  of  the  main  tracheae. 

It  is  in  the  higher  adult  insects  differentiated  into  the  mouth  and 
pharynx,  the  cemptiagus  or  gullet,  supplementary  to  which  is  the 
crop  (ingluvies)  or  "  sucking  ^omach  "  of  Lepidoptera,  Diptera,  and 
Hymenoptera ;  the  prove ntriculas  or  gizzard ;  the  ventriculun,  "  chyle- 
stomach,"  or,  more  properly,  mid-intestine,  and  the  hind-intestine, 
which  is  divided  into  the  ileum,  or  short  intestine,  the  long  intes- 
tine, often  slender  and  coiled,  with  the  colon  and  the  rectum. 
Morphologically,  however,  the  digestive  or  enteric  canal  is  divided 
into  three  primary  divisions,  which  are  indicated  in  the  embryo 
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insect ;   i.e.,  the  fore-infegliiie  (jUomodwum  of  the  embryo),  mi'd-itUea- 
tiiiv  or  "chyle-stomach,"  and  hi nd-intesUne  or  prvetodmuni  (Fig.  300). 


.ll.".m:  iiir.  inilphlKlin  tulwa;  wf.fi;,  niW-lnlei.Un« ;  M,  hr«rt;  rarf,"  mindlblei;    '•••r^'my,  \U 

The  three  primary  regions,  with  their  differentiations,  may  be  tabii- 

lateil  thus :  — 

Fore-intestine  (StomodEeum).       Ifouth  and  pharynx. 

Pumping   apparatus   of    Hemiptera, 

Lei>idoptera,  and  Diptera.- 
Oesophagus. 
Crop  or  ingluvies,  food  reservoir,  or 

"  sucking  stomach." 
Proventrioulus. 
Mid-intestine  (Mesenteron).         Mid-intestine,  "  chylific  stomach,"  or 

ventriculus  (with  ea'cal  glands). 
Jlind-intesline  (Proctodasum).    Ileum,  or  short  intestine  (with  the 
urinary  tubes). 
Long  intestine. 
C'olon. 

Eectum  (with  rectal  glands). 
Anus  (with  anal  glands). 

The  appendages  of  the  alimentary  canal  are:  (1)  the  salivary  and 
poison  glands,  which  arise  from  the  stomodteuni  in  embiyoiiic  life; 

Fm.  i»5.  —  Inlornil  initomyor  MrlaHvidm. /rmar-ruhrum  :  iif.  unlennii  and  smtft  \fwAiat 
l<>  It  fruiii  tli«  "  bniD  "  or  HUpn'mniiluwal  jcDngHnn  I'/') '.  <v,  oa-JII,  mnb-rior  ■nil  x-dtUfiiI  i'ih-a, 
niih  Millar  nrrvfi- ladlnn  to  (ham  thHn  lliehimlii:  <f,  i«i«|i1uiipi>  :  w.  montb:  lb,  liMiuii  orundrr 
]ir< ;  If,  li>tta.<>4-iphwi'Hl  (inirllan,  Hndlnfc  Ihiw  fin  ol  nayrt  lo  tlw  mindlMH,  umillH-.  anil 
Iflliluin  rrn|Hi-ilvF]y  Inot  clnriy  phowB  In  tbr  rD(nTlnir> :  "#,  i>yin|i*llii>lfe  nr  vagna  nerre.  tiirllnit 
rhmi  1  iranEltnn  ivsllnii  nbovp  Ihp  »'M>pillW1■^  ami  rniinrnliiK  wllh  ■iHidicr  ininellun  iK|fi  ni'irtliB 
hlncLiT  end  at  thii  ernij;  ml,  Mllvarjr  (rlindn  (the  Imoliutlun  ol  ths  MHi-ary  ilucl  nnl  i-hiirlj; 
i-h(i«n  br  the  enmivi^rl ;  nr.  n»rvoii>  cord  «nd  innilllii:  nr,  c.var.v:  nr,  orljiln  nf  nrlniry  iiiIh>m; 
■tI,  nvld"o«t:  -ft,  lebiicenuii  (rtand ;  ft.',  buna  cnpulitTH  :  i.rl.  sltr  <if  oppnlv  or  Uk  ovhlurl  lllir 
left  i>iir]iirl  nit  my) ;  l-IO,  Bbdoniliul  ncfnncntt.  The  othrr  unnnn  libelird  In  full.  —  l>nwn  IVnui 
bl>  iiriglDil  dliaFttlonii  by  Mr.  l^lwinl  BuntfM. 
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(2)  while  to  the  ehylific  stomach  a  single  pair  of  coecal  appendages 
(Orthoptera  and  larval  Diptera,  e.£/.  Seiara),  or  mauy  cteca  may  be 
appended;  (3)  the  urinary  tubes,  also  the  rectal  glands  and  the 
paired  anal  glands.  In  a  Hemipter  {Pyrrkocori.s  ajjterua)  appendages 
arise  from  the  intestine  in  front  of  the  origin  of  the  urinary  tubes. 
In  certain  insects  a  single  c<ecal  appendage  (Nepa,  Dytieus,  Silphii, 
Kecropborus,  and  the  Lepidoptera^  arises  from  the  proctodieiini. 

In  certain  larval  insects, 
as  those  of  the  I'roctotrypidie 
(first  larval  stage),  the  higher 
Hyiuenoptera  (ichneumons, 
ants,  wasps,  and  bees,  Fig. 
301),  in  the  ( ^ainpodearlike 
larvse  of  the  Meloidse  and 
'  Stylopidte,  the  larva  of  the 

ant>-Iion   (Myrmeeoleo),  and 
,  those  of    Diptera    piipipara 

(Melophagua),  the  embryonic 
condition  of  the  separation  of 
the  proctodaeum  and  midgut 
(mesenteron)  persists,  the 
stomach  ending  in  a  blind 
sac ;  in  such  cases  the  intes- 
tine, together  with  the  uri- 
nary tubes,  is  entirely  secre- 
tory. 

The    anus    is    wanting  in 

gg  the  larva  of  the  ant-lion,  as 

Fm.soi.— LwT«Dfhontj-be«:  fl.brtin;  ftHi.vfiii-    also  in  the  waips  (in  which 

ir«l  nervous  ei)rd;  *.  eenophiigus;  «/,  «i>lniilng-Bl»nil;      .■  .  ,.  .  ■       , 

»/,  mia-tntasciiisin'chfii-stunuch;  »i, ^iui-iDtciiinr.    there  IS  a  rudimentary  colon) 

flul  yrt  cannKl«d  wlih  the  iiilil'1nl«9tln« ;  rat.  urlpiry  i-      a       i,      i...,      ii 

tube:  UN, uu>;  >r,  MiKnuu. -  ARM-  i^riickirt,  (Wun  and  in  fi-esnly  hatched  bees, 
■"'*■  though  it  becomes  i>erfectly 

formed  in  the  fully  grown  larvte  (Newport,  art.  lusecta,  p.  907,  and 
H.  :\rilller). 

In  tlie  larv»  of  lamellicorii  Coleoptera  {3feMontka  rulyarin)  the 
digestive  tube  is  nearly  as  simjile  as  in  bees,  though  there  is  a  large 
colon,  which  at  its  beginning  forms  an  immense  cnecura,  and  has  also 
one  anal  aperture  (New^wrt). 

The  length  and  shape  of  the  digestive  canal  is  dependent  on  the 
nature  of  the  food  and  also  on  the  mode  of  life,  especially  the  ease 
or  difficulty  with  which  the  food  is  digested. 
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Newport,  while  slating  that  the  length  of  the  alimentAry  canal  in  larvte  is  not 
in  general  indicatory  of  tlie  habits  of  the  apecies,  makes  this  iiualitication  alter 
ileecribtiig  the  digestive  canal  of  Calandra  as  compared  with  that  of  CaIosuidb  : 
"Tlie  length  and  complication  of  tlie  intestines,  therefore,  appear  to  liave  some 
reference  to  the  quality  of  the  food  to  be  digested,  since  it  ia  well  known  tliat 
the  food  of  these  latter  inseutB  (weevils)  is  of  difficult  assimilation,  being  as  it 
ia  chieHy  the  hard  ligneous  fibres  of  vegetable  matter ;  but  they  cannot  be  re- 
ceived as  always  indicatory  of  a  carnivotxius  [orj  vegetable  feeder,  since,  as 
alxive  remarlcett,  the  length  uf  tlie  canal  is  considerable  Iti  one  entirely  carnivo- 
rous larva,  while  it  is  much  shorter  in  some  herbivorous,  and  particularly  In 
polleiiivorous  larvie,  as  in  the  Melolontba  and  the  apodal  Ilymenoplera." 

Newport  also  contends  Uiat  the  length  of  the  alimentary  canal  Is  not  more 
indicative  iu  the  perfect  insect  of  the  carnivoroua  or  phytophagous  habits  of  the 
species  than  in  tlie  larva.  It  is  nearly  as  long  (being  from  two  to  three  linies 
the  length  of  the  whole  body),  and  is  more  complicated,  in  Uie  rapacious 
CarabidtB  (Fig,  302)  than  in  tlie  honey-sipping  Lepidoptera,  whose  food  ia  en- 
tirely liquid.  Kefei'ring  to  the  digestive  canal  of  CJcindelidte,  which  is  scarcely 
longer  than  the  body,  he  claims  that  -'we  cannot  admit  that  the  length  of  the 
digestive  organs,  and  the  existence  of  a  gizzard  and  gastric  vessels,  are  indica- 


Pra.sm.— DlRfnilve  ronil  nr  ■  nrabld  tH>elte:  rMP9onlit«ua ;  o,  emp;  <j.  pn)T«Dir1ciilu«;  /, 
mtd-tDUstln*.  ar'^Fhyle-HtninBch."  wlih  II>riiis;  g.  pusti'iior  dMttun  oribc  tlomuh;  i.  Ih«  livn 

tory  of  predacity  of  habits  in  the  insect,  because  a  similar  conformation  of  parts 
eiists  often  in  strictly  vegetable  feeders.  The  existence  and  length  of  these 
parts  seem  rather  to  refer  to  the  comparative  digestibility  of  the  food  than  to  its 
animal  or  vegetable  nature."  Newport  tlien  refers  to  tlie  digestive  canal  of 
Forflculidie  (in  which  the  gizzard  is  present,  the  canal,  however,  passing  In  an 
almost  direct  line  through  the  body,  making  but  one  slight  convolution),  "a 
farther  proof  that  the  length  of  the  canal  must  not  be  taken  as  a  criterion 
whereby  to  judge  of  the  habits  of  a  species."  He  adds  this  will  apply  equally 
well  to  the  omnivorous  Gryllidie,  In  wliich  there  exists  a  short  alimentary  canal, 
but  a  gizzard  of  more  complicated  structure  than  that  of  the  Dytiacidje. 

In  larval  insects  and  others  (Synaptera,  Orthoptera,  et^.),  in  ivliicli 
the  digestive  eanal  is  simplest,  it  ia  scarcely  longer  than  the  body, 
and  passes  through  it  as  a  straight  tube. 

In  the  caterpillar,  which  is  a  voracious  and  constant  feeder,  the 
digestive  canal  is  a  large  straight  tube,  not  clearly  differentiated  into 
fore-stomach,  stomach,  and  intestine;  but  in  the  imago,  which  only 
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takes  a  little  liquid  food,  it  is  slender,  delicate,  and  highly  differenti- 
ated. In  the  larva  the  mid-gut  forms  the  largest  part  of  the  canal ;  ii) 
the  imago,  the  intestine  becomes  very  long  and  coiled  into  numerous 
turns ;  at  the  same  time  the  food-reservoir  (the  "  sucking  stomach  ") 
develops,  and  the  excretory  tubes  are  longer. 

a.  The  digMtiTO  canal 

It  will  greatly  simplify  our  conception  of  the  anatomy  of  the 

digestive  canal  if  we  take  into  ancount  its  mode  of  origin  in  the 

embryo,  bearing  in  mind  the  fact  that  during  the  gastrula  condition 

the  ectoderm  is  iuvaginatcd  at  each  pole  to  form  the  primitive  mouth 

and  fore-gut  (stomodteum)  and  hind-gut  (proctodeum).     The  cells  of 

the  ectoderm  secrete  a  chitinous  lining  (intimaj^  which  forms  the 

continuation  of  the  outer  chitinous  crust,  and  thus  the  lining  of  each 

end  of  the  digestive  canal  is  cast  whenever  the  insect  molts;  while 

the  mid-intestine  (mesenteron),  arising  indeiiendently  of  the  rest  of 

^  the  canal  much  later 

in      embryimic     life 

^''  fi'om   the   iiiesodenn, 

■  is    not  the   result  of 

any    invagination, 

being  directly  derived 

from    the    mesodenn, 

and  is  not  lineil  with 

chitiii. 

The  month,  or  oral 
cavity,  and  pharynx. 
—  This  is  the  begin- 
ning of  the  aliment- 

«>vAl/.,.H<.tbrlo|.hivln|[l>»n<'i>lt»>)',iai<>»In|c.lnllu-mM,)l,'.    ^'Y     tUbC,    passing 

'ui^^i^-lt/^'u^^'^,,'  ""  ""^  """'""  ""■''*  '"""  ""^  oesophagus.  It  is 
iKinndi'd  above  by  the 
clypeus,  and  labrum,  with  the  epipharynx,  and  below  by  the  hyi>o- 
])harynx,  or  tongue,  as  well  an  the  labium.  Into  it  jiour  tlie  secretion 
of  the  salivary  glands,  which  passes  o»it  through  an  opening  at  the 
base  of  the  tongue  or  hypopharynx.  On  each  side  of  the  mouth  are 
the  mandibles  and  first  maxillie. 

The  sucking  or  pharyngeal  pump.  —  This  organ  has  been  observed  by 
Gniber  in  flies  and  Hemiptera,  but  the  fullest  account  is  that  by 
Uurgess.  who  was  the  first  to  discover  it  in  I.epidoptera.  In  the 
milkweed  butterfly  (Danaia  archipjxia)  the  canal  ti-aversing  the  pro- 
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boscis  opens  into  a,  pharyux  enclosed  in  a  muscular  sac  (Figs.  303, 
304,  and  310). 

The  ptiaryngeal  sac,  says  Burgess,  serves  as  a  pumping  organ  to 
suck  the  liquid  food  through  the  proboscis  and  to  force  it  backwards 
into  the  digestive  canal. 

ileinert  ("  Trophi  Dipterorum  ")  has  made  elaborate  dissections  of 
the  mouth  and  its  armature,  including  the  pharynx  of  several  tyjies 
of  Diptera,  with  its  musculature.  He  describes  the  phavyux  as  the 
principal,  and  in  most  Diptera,  as  the  only  part  of  the  jnunp  (aiitlia), 
and  says  :  "  By  the  muscles  of  the  pump  {mvsculis  antHtv)  the  supe- 
rior lamina  of  the  pharynx  is  varied  that  the  s])ace  between  the  two 
laminae  may  be  increased, 
and  the  liipiid  is  thus  led 
through  the  siphon  formed 
by  the  month-parts  into  the 
mouth"  (Fig.  81). 

The  cesophagus.  — This  isa 
simple  tube,  largest  in  those 
insects  feeding  on  solid, 
usually  vegetable,  food,  and 
smallest  in  those  living  on 
liquid  food.  It  usually 
curves  upwards  anil  Ikk-U- 
wai-da,  passing  directly  under 
the  brain,  and  merges  into 
th  1  I  t  "     1 
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a  miLscular  coat. 

It  is  very  large  in  locusts  (Fig.  I'DH),  Anal>rus  (Fig.  299),  and  other 
Orthoptera  (the  Phasmidse  excepted),  in  the  Itermaptera,  and  most 
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adult  Coleoptera.    A  crop-like  dilatation  in  front  of  a  spherical  giz- 
zard is  also  present  in  the  Synaptera  (Poduridte  and  Le  pi  ami  die), 


'2-X 


p*«r-«lupe<l  <e«ouli»gu» ;  /.  cmp :  A",  raitrtc  <mk«  : 
/~  IHuDi:  UN,  colon;  i>,uriiiu-j  lubw.-AfWr 
N,wi,on, 

aa   well    as    in    the    Hallophaga 

(Nirmidffi). 

In   the  larvee  of   weevils  {C<d- 
awlra   sotnmeri)    there   is    a   crop 
(Fig.  305),  but  not  in   the  larva  , 
of  ('alosoma;    also,  according   to  , 

Beauregard,   in   the    pollen-eating   i;i,«Vh";''orm«iUari''^and;"-A"n«Mfrnm' 
beetlfs  Zonitis,  Sitaris,  and  ^lata-  ^""  '■'"^''' 
bris  it  ia  wanting,  while  in  ileloe  it  is  highly  developed  (Kolbe). 

The  crop  forms  a  lateral  dilatation  of  the  end  of  the  (rsopliapus  in 
the  larvw  of  weevils  and  of  sawflies  (Athatki  ceiili/ulUf,  Fig.  306). 


-  Tpper  Mr  otbtti  and  dbn>tli 
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The  **  suckijig  stomach  "  or  food-resenroir.  —  This  is  a  thin  muscular 
pouch  connected  by  a  slender  neck  with  the  end  of  the  cesophagus 
or  the  crop,  when  the  latter  is  present.  There  is  no  such  organ  in 
Orthoptera,  except  in  Gryllotalpa.  It  is  wanting  in  the  Odonata 
and  in  the  Plectoptera  (EphemeridaB) ;  in  Platyptera  (Perlidse  and 
Termitidae),  in  Trichoptera,  and  in  Mecoptera  (Panorpidse).  In 
most  adult  Neuroptera  (Myrmeleonidae,  Hemerobiidae,  and  Sialidae), 
but  not  in  Rhaphidiidae,  the  long  oesophagus  is  dilated  posteriorly 
into  a  kind  of  pouch  or  crop,  and  besides  there  is  often  a  long  "  food- 
reservoir  "  arising  on  one  of  its  sides,  that  of  Myrmeleon  (Fig.  307) 
and  Hemerobius  being  on  the  right  side. 

A  true  food-reservoir  is  present  in  most  Diptera  (Fig.  308)  as  well 
as  in  the  larvae  of  the  Muscidae,  but  according  to  Dufour  it  is  want- 
ing in  some  Asilidae  and  in  Diptera  pujnpara,  and  according  to 
Brauer  in  the  (Estridae.  The  food-reservoir  in  Diptera  is  always 
situated  on  the  left  side  of  the  digestive  canal;  there  is  usually  a 


Fi6.  808.  —  Dlirestive  canal  of  Sarcophaffa  camario  :  a,  salivary  frland ;  h,  oesophairus :  c,  fo<id 
reservoir ;  /-or,  stomach ;  A,  Intestine  ;  i.  urinary  tubes  ;  A",  rectum.  —  From  Judelch  and  Nitsche. 

long  neck  or  canal,  while  the  reservoir  is  either  oval  or  more  usually 
bilobed,  and  often  each  lobe  is  itself  curiously  lobed. 

In  Lepidoptera  (Figs.  309,  310)  the  so-called  "  sucking  stomach  " 
is,  as  Graber  has  proved,  simply  a  reservoir  for  the  temporary  recep- 
tion of  food;  though  generally  found  to  contain  nothing  but  air, 
Newport  has  observed  that  in  flies  it  is  filled  with  food  after  feeding. 
He  has  found  this  to  be  the  case  in  the  flesh  fly,  and  in  Eristalis  he 
has  found  it  "  partially  filled  w^ith  yellow  pollen  from  the  flowers  of 
the  ragwort  upon  which  the  insect  was  captured,"  the  pollen  grains 
also  occurring  in  the  canal  leading  to  the  bag,  in  the  gullet,  and  in 
the  stomach  itself.  Graber  has  further  proved  by  feeding  flies  with 
a  colored  sweet  fluid  that  this  sac  is  only  a  food-receptacle.  As  he 
says :  "  It  can  be  seen  filling  itself  fuller  and  fuller  with  the  colored 
fluid,  the  sac  gradually  distending  until  it  occupies  half  the  hind- 
bodv." 

The  food-reservoir  of  the  Hymenoptera  is  a  lateral  pouch  at  the 
end  of  the  long,  slender  oesophagus,  and  has  been  seen  in  the  bee  to 
be  filled  with  honey. 
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In  tlie  mole-cricket  the  hinder  pavt  of  the  crop  is  armed  within 

witli  hook-like  bristles  directed  backwards  so  as  not  to  prevent  the 

energetic  presswi-e  of  the  footl  backwards 

into  the  proventviciihis,  and  to  obviate  the 

possibility  of  a  regurgitation.     (Eberli.) 

The  fore-etottULCh  or  proreDtriculua This 

is  especially  well  developed  in  the  Der- 
maptera,  in  the  Orthopteroiis  families 
Lociistidie,  Gryllidie,  and  Mantidee,  while 
in  the  Thysanura  (Lepisiiia)  thei-e  is  a 
spherical  gizzard  provided  with  six  teeth. 
It  also  occnrs  in  many  wo(.Kl-boring  in- 
sects, and  in  most  cai'nivorons  insects, 
notably  the  C'arabidie,  l>yticidie,  Scolyt^ 
I  idje,  in  the  Jlecoptera  (scorpion-flies),  in 
the  fleas,  and  in  many  kinds  of  ants,  as 
well  as  Cynips,  Lencospis,  and  Xyphidria. 
It  is  very  mnscnlar,  lined  within  with 
chitin,  which  is  \isually  provided  with 
numei-ons  teeth  arising  from  the  folds. 
These  fohls  begin  in  the  oesophagus  or 
crop,  and  suddenly  end  wliei-e  the  mesen- 
tevon  ("  chylific  stomach  ")  begins.  It  has 
been  compared  with  the  gizzard  of  birds, 
and  is  xisnally  called  by  tierman  authors 
tlie  chewing  or  masticating  stomach, 
(Kan  mage  II.) 

'I'lie  proventviculus  m  best  developed  in  lh« 
Go'llidu;  (AiTkln  rlridUstma'j,  where  tlie  nix  folds 
attheendiif  Uiecrupcliwe  t<^thertiiform  avalv« 
between  tlie  cnip  and  proven tricalus.  "'ITiey 
are  each  armeil  with  five  very  itiiiiut«  linoked 
teeth  ;  and.  contlimed  into  the  t;izzar(l,  develop 
many  mire  In  their  coume  thruii^h  that  nrptn. 
These  lirat  teeth  are  aiTan)!ed  around  the 
entrance  lo  the  gizzard,  and  spem  designed  to 
retain  the  inHutliclently  cninininuted  food  and  to 
pnH-s  it  1)11  tu  tha.1  organ. 

■'  Next  to  these  in  MucceHKion  on  eaeh  of  tbe 
longitudinal  ridseR  are  four  Hat,  broad,  somewliat 
quadrate  teeth,  each  of  which  ix  very  finely  den- 

•i:ii!i;    (.    rDillinrnr  of  the  elusrd  :  i:  " Kiuinii-li " :  u.   ti» 
111.  isi-cuui  uri'uhiii ;  N.  meluiu  ;  r,  r?pl.  —'Alter  Ncw|>ori. 
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ticulai«d  along  its  free  margin.  These  extend  about  half-way  through  tlie  gizzard. 
They  appear  to  be  alternately  elevated  and  depressed  during  the  aulion  of  tlie  gii- 
eard,  and  to  Herre  to  carry  on  the  food  to  the  twelve  cutting  teetli,  with  which 
each  ridge  ia  also  armed,  and  which  occupy  the  posterior  part  of  the  organ.     'Jlieae 
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teeth  are  triangular,  sharp-pointed,  and  directed  posteriorly,  and  gradually 
decrease  in  size  in  succession  from  before  backward.  Each  tooth  is  very 
strong,  sharp-pointed,  and  of  the  color  and  consistence  of  tortoise  shell,  and  is 
armed  on  each  side  by  a  smaller  pointed  tooth.  These  form  the  six  longitudinal 
ridges  of  the  gizzard,  between  each  two  of  which  there  are  two  other  rows  of 
very  minute  teeth  of  a  triangular  form,  somewhat  resembling  the  larger  one  in 
structure,  occupying  the  channels  between  the  ridges.  The  muscular  portion  of 
the  gizzard  is  equally  interesting.  It  is  not  merely  formed  of  transverse  and 
longitudinal  fibres,  but  sends  from  its  inner  surface  into  the  cavity  of  each  of 
the  large  teeth  other  minute  but  powerful  muscles,  a  pair  of  which  are  inserted 
into  each  tooth.  The  number  of  teeth  in  the  gizzard  amounts  to  270,  wliicli  is 
the  same  number  in  these  Gryllidae  as  found  formerly  by  Dr.  Kidd  in  the  mole- 
cricket.  Of  the  different  kinds  of  teeth  there  are  as  follows :  72  large  trebU; 
teeth,  24  flat  quadrate  teeth,  30  small  single-hooked  teeth,  and  12  rows  of  small 
triangular  teeth,  each  row  being  formed  of  12  teeth.  This  is  the  complicated 
gizzard  of  the  higher  Orthoptera."     (Newport.) 

In  the  more  generalized  cockroach,  there  are  six  principal  folds,  the  so-called 
teeth,  which  project  so  far  inwards  as  to  nearly  meet  (Fig.  312).  The  entire 
apparatus  of  muscles  and  teeth  is,  as  Miall  and  Denny  state,  *^an  elaborate 
machine  for  squeezing  and  straining  the  food,  and  recalls  the  gastric  mill  and 
pyloric  strainer  of  the  crayfish.  The  powerful  annular  muscles  approximate 
the  teeth  and  folds,  closing  the  passage,  while  small  longitudinal  muscles,  which 
can  be  traced  from  the  chltinous  teeth  to  the  cushions,  appear  to  retract  these 
last,  and  open  a  passage  for  the  food.^* 

As  in  the  fore-stomach  or  proventriculus  of  the  lobster,  the  solid, 
rounded  teeth  do  not  appear  to  triturate  the  solid  fragments  found 
in  the  organ,  but  act  rather  as  a  pyloric  strainer  to  keep  such  bodies 
out  of  the  chylilic  stomach.  We  accept  the  view  of  Plateau  that  this 
section  of  the  digestive  canal  in  insects,  which  he  compares  to  the 
psalterium  of  a  ruminant,  is  a  strainer  rather  than  a  masticatory  stom- 
ach, and  both  Forel  and  Emery,  as  well  as  Cheshire,  take  this  view. 

The  proventriculus  of  the  honey-bee  (Fig.  318,  lis)  is  called  by 
apiarians  the  "honey-sac"  or  "honey-stomach."  Cheshire  states 
that  if  it  be  carefully  removed  from  a  freshly  killed  bee,  its  calyx- 
like "  stomach-mouth  "  may  be  seen  to  gape  open  and  shut  with  a 
rapid  snapping  movement.  The  entrance  to  the  stomach  is  guarded 
by  four  valves,  each  of  which  is  strongly  chitinous  within,  and 
fringed  along  its  edge  with  downward-pointing  fine  stiff  bristles. 
By  the  contraction  of  the  longitudinal  muscles  {Im),  the  valves  open 
to  allow  the  passage  of  food  from  the  honey-sac  to  the  "chyle- 
stomach."  It  is  closed  at  will  by  circular  muscles  (tm).  Then  the 
bee  can  carry  food  for  a  week^s  necessities,  either  using  it  rapidly  in 
the  production  of  wax,  or  eking  it  out  if  the  weather  is  unfavorable 
for  the  gathering  of  a  new  store. 

Cheshire  also  shows  that  when  bees  suck  up  from  composite  and  other 
flowers  nectar  together  with  much  pollen,  the  outside  wrinkled  membrane  (^sm. 
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A,  Fig.  311)  "Ih  seen  tu  contmually  run  up  in  folds,  and  gather  itseir  uvi-r  llie 
Uip  oC  the  stomach-moutli,  bringing  with  It,  by  the  aid  of  its  setie,  the  large 
pollen-grains  tiie  nectar  contains."  The  lips  (I,  I,  B,  Fig,  314).  now  opening, 
take  in  this  pollen,  which  is  driven  forwards  into  the  cavity  roade  between  the 
separating  lips  by  an  Inflow  of  the  fluid  surrounding  the  granules.  The  lips  in 
turn  close,  but  the  down-pointing  bristles  are  thrown  ontwardD  from  the  face  of 
the  leaflet,  in  this  way  revealing  tbeir  special  function,  as  tbe  pollen  is  prevented 
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from  receding  while  the  nectar  passes  back  into  the  honey-sac,  strained  tlimu^li 
between  the  bristles  aforesaid,  the  last  parts  escaping  by  the  loop-like  openings 
seen  in  the  corners  of  C,  Fig.  314.  The  whole  process  is  immediately  and  very 
rapidly  repeated,  ho  that  the  pollen  collects  and  tJie  honey  is  cleared.  "  Three 
purposes,  in  addition  to  those  previously  enumerated,  are  thus  subserved  by 
this  wondrous  mechanism.  First,  the  bee  can  either  rat  or  drink  from  tlis 
mixed  diet  she  carries,  gulping  down  the  pollen  in  pellets,  or  swallowine  the 
nectar  as  her  necessities  demand.    Second,  when  the  collected  iwllen  is  driver 


THE  PROVENTRICULUS  A    STRAINER  311 

forwards  into  the  chyle-stomach,  the  tube  extension,  whose  necessity  now 
becomes  apparent,  prevents  the  pellets  forming  into  plug-like  masses  just  below 
p,  Fig.  31.3,  for,  by  the  action  of  the  tube,  these  pellets  are  delivered  into  the 
midst  of  the  fluids  of  the  stomach,  to  be  at  once  broken  up  and  subjected  to  the 
digestive  process.  And  third,  while  the  little  gatherer  is  flying  from  flower  to 
flower,  her  stomach-mouth  is  busy  in  separating  pollen  from  nectar,  so  that  the 
latter  may  be  less  liable  to  fermentation  and  better  suited  to  winter  consump- 
tion. She,  in  fact,  carries  with  her,  and  at  once  puts  into  operation,  the  most 
ancient,  and  yet  the  most  perfect  and  beautiful,  of  all  *  honey-strainers."* 

Forel's  experiments  on  the  proventriculus  of  ants  prove  that  through  its 
valvular  contrivance  it  closes  the  passage  from  the  crop  to  the  raid-intestine 
("chylific  stomach"),  and  allows  the  contents  of  the  former  to  pass  slowly 
and  very  gradually  into  the  latter.  Emery  confirms  this  view,  and  c(mcludes 
that  the  oi-gan  in  the  Camponotidae  and  in  the  Dolichoderidse  provided  with  a 
calyx-bell,  usually  regarded  as  a  triturating  stomach  (Kaumagen),  but  more 
correctly  as  a  pumping  stomach,  consists  of  paits  which  perform  two  different 
functions.  Under  the  operation  of  the  muscles  of  the  crop  the  entrance  to  the 
pumping  stomach  becomes  closed,  in  order  by  such  spasmodic  contraction  to 
prevent  the  flow  of  the  contents  of  the  crop  into  the  proventriculus.  By  tlie 
pressure  of  the  transverse  muscles  of  the  proventriculus  its  contents  are  emptied 
into  the  mid-intestine,  while  simultaneously  a  regurgitation  into  the  crop  is  pre- 
vented. In  the  Dolichoderid®  and  Plagiolepidinae  the  closure  in  both  cases  is 
effected  by  the  valves.  In  the  true  Camponotidie  there  are  two  separate  con- 
trivances for  closing;  the  calyx  belonging  to  the  crop-musculature,  while  the 
valves  essentially  belong  to  the  proventricular  pumping  jipparatus. 

Opinions  vary  as  to  the  use  of  this  portion  of  the  digestive  canal.  Grabor 
compares  it  to  the  gizzard  of  birds,  and  likens  the  action  of  the  rosette  of  teeth 
to  the  finer  radiating  teeth  of  the  sea-urchin,  and  styles  it  a  chopping  machine, 
which  works  automatically,  and  allows  no  solid  bits  of  food  to  pass  in  to  injure 
the  delicate  walls  of  the  stomach  (mid-gut). 

He  also  states  that  the  food  when  taken  from  the  proventriculus  is  very  finely 
divided,  while  that  found  in  the  oesophagus  contains  large  bits. 

Kolbe  says  that  this  view  has  recently  been  completely  abandoned,  and  that 
the  teeth  are  used  to  pass  the  food  backwards  into  the  chylific  stomach.  *'  But 
Goldfuss  had  denied  the  triturating  action  of  the  proventriculus  of  the  Or- 
thoptera  (Symbolae  ad  Orthopterorum  quorundam  (Economiam,  1843),  stating 
that  the  contents  of  the  same  are  already  fluid  in  the  gullet,  so  that  the  fore- 
stomach  (Kaumagen)  does  not  need  to  comminute  the  food  "  (Kolbe).  In  the 
Gryllidfe  and  Locustidse,  just  before  the  posterior  opening  of  the  proventriculus 
into  the  stomach  the  chitinous  lining  swells  into  a  ring  and  projects  straight 
back  as  the  inner  wall  of  the  cylindrical  chylific  stomach.  The  muscular  layer 
forms  two  sac-like  outgrowths  or  folds,  which  separate  on  the  circular  fold 
from  the  chitinous  membrane.  This  apparatus  only  allows  very  finely  com- 
minuted food  to  pass  into  the  stomach. 

In  the  Acrydiidae  (Eremobia  muricata)  at  the  end  of  the  proventriculus, 
where  it  passes  into  the  stomach,  is  a  small  circular  fold  which  hangs  down 
like  a  curtain  in  the  stomach. 

The  oesophageal  valve.  —  Weismann  ^  states  that  the  origin  of  the 
proventriculus  in  the  embryo  of  flies  (Muscidae)  shows  that  it  should 

1  Weismann,  Die  nachembryonale  Entwicklung  der  Musciden.  Zeitschr.  fiir 
wissen.  Zoologie,  xiv,  p.  196,  1864. 
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be  i-egarded  as  an  intusauaception  of  the  CBsophagiis.  While  in  the 
embryo  the  invaginated  portion  of  the  oesophagus  is  short,  after  the 
batching  of  the  larva  it  projects  backwards  into  the  mid- intestine. 
Kowalevsky  also  observed  in 
a  young  muscid  larva,  2.2  mm. 
in  length,  that  the  oasophagns, 
shaped  tike  a  tube,  extends 
bafik  into  the  expanded  por- 
tion (proventriculus)  and 
opens  into  the  stomaoh  (Fig. 
315,  A).  In  a  larva  10  mm. 
long  the  funnel  ia  shorter,  the 
"  end  being  situated  in  the  pro- 
ventrieulua(Fig.3I5,B,pr).  In 
the  cavity  between  the  outer 
(p)  and  inner  wall  (0  ■■<>  food 
enters,  and  the  use  of  this 
whole  apparatus  seems  to  be 
to  prevent  tl»e  laiger  bits  of 
food  from  passing  into  thechy- 
lifir  stomach  (Kowalevsky). 

BeBuregard  has  found  a  Bimllar  etnicture  in  the  Meloidie,  and  calls  \t  tli<- 
"cardiac  valvule"  (Fi(t.  :il8,  A'O,  It  was  observed  by  Mingazznii  in  the  lan'« 
of  phylopliii);ic  lamellicom  beetles,  and  Balbiani  describe*!  it  in  a  ni>'rii)|HHl 
(CryplopN)  under  the  name  of  the  " tesopha'ieal  valvnLe." 

liehuchlen  describes  a  homoloKOus  but  uiore  conijiiicaled  structure  in  a 
tipulifl  larva  {Ptj/rhtijapra  rniitaminatii),  but  ditTeriii);  in  containing  blood- 
cavilies,  as  a  tubular  prolongation  of  the  piwterior  end  of  the  cesophapis  which 
(lasMes  tiin>ut:h  the  proventriculus  and  opens  at  various  piuitiuns  in  the  antertur 
l>art  fit  the  chylitic  Ktoroach  (Fig.  Itlrt). 

ThK  three  layers  composing  this  funnel  are  distant  from  each  oilier  and 
separated  by  blood-cavities,  tlie  whole  fnmiinf:  "  an  Immense  blond-cavity 
exleudei)  between  the  epithelial  proventricular  liiiing  and  the  muscuUr  coat." 

Acconling  to  Schneider  the  longitudinal  niu-tcular  fibres  of  the  fore  anil 
liind  gut  in  insects  pass  into  the  stomach  (mid-gut).  The  anterior  part  of  the 
fore-gut  has  generally  only  circular  fibres.  When,  however,  the  longitudinal 
fibres  arise  behind  the  middle,  then  they  separate  from  the  digestive  canal  and 
are  inserted  a  little  beliind  the  beginning  of  the  cliylific  stomach.  Hence  there 
is  formeil  an  invagination  of  the  proventriculus,  which  projects  into  the  cavity  of 
the  stomach. 

Schneider  deKcribes  this  process,  which  he  calls  the  "  beak."  as  an  invagina- 
tion of  the  tore-stninach  which  projects  into  the  cavity  of  the  stomach,  'nie 
two  layers  of  tlie  invagination  in  growing  together  form  a  beak  varying  in  shape, 
being  either  simple  or  Inbed  and  armed  with  bristles  or  teeth.  This  beak  is 
tolerably  large  in  I^pisma,  Dermaptera  (Forflcula),  Orthoptera,  and  in  the 
larvie  and  adults  of  Diplera,  hut  smaller  in  the  Neurojitera  and  Coleopt^ra, 
while  in  other  insects  it  is  wanting. 


FM.aifl.  —  (E»oph»)(Ml«lT»nf  younemi 
(ienn.  —  Afl*r  kuwBWBk)-. 
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PrOTentricnUi  Talwle.  — Gehucbteii  also  de«cribeB  in  Ptjchoptera  wbat  h« 
calls  "  the  proventricular  valvule,"  stating  that  il  is  "  a  cireular  fold  of  the 
inl^atinal  wall"  (Fig.  316.  vpr).  He  clairos  tliat  il  boa  not  laefore  been  found, 
the  ■•  proventricular  beak  "  of  Sclineider  being  regarded  by  him  aa  the  cesoph- 
ageal  valvule. 

The  peritrophic  membrsne.  —  This  membrane  appears  tirst  to  have 
lieen  notii-ed  by  Hamdohr  in  1811  in  Hemerobius  peria.  It  has  been 
found  by  Schneider,  who  calls  it  the  "  funnel."    On  the  hinder  end 
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iif  tlie  fore-stomach,  he  says,  the  ciitioiila  forms  a  fold  enclosing  tlie 
outlet  of  the  fore-stomach,  and  extending  back  like  a  tube  to  the 
auu3.  This  "  funnel,"  he  adds,  occurs  in  a  great  number  of  insects. 
It  lias  been  found  in  Thysanura,  bnt  is  wanting  in  Heniipteia.  In 
the  Coleoptera  it  is  absent  in  Carabida;  and  Dyticidje.  It  is  jrener- 
ally  present  in  Uiptera  and  in  the  laivie  of  I^epidopteva,  bnt  not  in 
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the  adults.  In  Hynienoptera  it  has  been  found  in  ants  and  wasps, 
but  is  absent  in  Cynipidae,  Ichneumonidse,  and  Tentliredinidte.  All 
those  insects  (including  their  larvai)  possessing  this  funnel  eat  solid, 
indigestible  food,  while  those  which  do  not  possess  it  take  fluid 
nourishment.  It  is  elastic,  and  firmly  encloses  the  contents  of  the 
digestive  track.  Until  Schneider's  discovery  of  its  general  occur- 
rence, it  had  only  been  known  to  exist  in  the  viviparous  Cecidomyia 
larva*  (Miastor).  Wagner,  its  discoverer,  noticed  in  the  stomach  of 
this  insect  a  second  tube  which  contained  food.  Pagenstecher  was 
inclined  to  regard  the  tube  as  a  secretion  of  the  salivary  glands. 
^Metschnikolf,  however,  more  correctly  stated  that  the  tube  (-(msisted 
of  chitin,  but  he  regarded  it  as  adapted  for  the  removal  of  tlie  secre- 
tions. (Sclnieider.)  Plateau,  however,  as  well  as  Balbiani,  the  latter 
calling  it  the  "peritropic  membrane,-'  considers  this  membrane  as  a 
secretion  of  tlie  chvlific  stomach,  and  that  it  is  formed  at  the  surface 
of  the  epithelial  cells.  It  surrounds  the  food  along  the  entire  diges- 
tive tract,  forming  an  envelope  around  the  faecal  masses.  On  the 
other  hand,  Gehuchten  states  that  in  the  larva  of  Ptychoptera  its 
mode  of  origin  differs  from  that  described  by  Plateau  and  by 
St'hneider,  and  that  it  is  a  product  of  secretion  of  si)ecial  cells  in  the 
proventriculus. 

The  mid-intestine.  —  This  section  of  the  digestive  canal,  often, 
though  erroneously,  called  the  "  chylific  stomach  '*  or  ventriculus, 
differs  not  only  in  its  embryonic  history,  but  also  in  its  structure 
and  physiology  from  the  fore  aiul  hind  intestine  of  arthropods,  and 
also  presents  no  analogy  to  the  stomach  of  the  vertebrate  animals. 
In  insects  it  is  a  simple  tube,  not  usually  lined  with  chitin,  since  it 
is  not  formed  by  the  invagination  of  the  ectoderm,  as  are  the  fore 
and  hind  intestine,  the  absence  of  the  chitinous  intima  promoting 
the  absorption  of  soluble  food.  Into  the  anterior  end  either  o])en 
two  or  more  large  ca?cal  tubes  (Fig.  299),  or  its  whole  outer  surface 
is  beset  with  very  numerous  fine  glandular  filaments  like  villi 
(Fig.  817  and  Fig.  329). 

The  mid-intestine  varies  much  in  size  and  shape ;  it  is  very  long 
in  the  lamellicorn  beetles  (Melolontha  and  (ieotrupes),  and  while  in 
!Meloe  it  is  very  large,  occupying  the  greatest  part  of  the  Ixxly-cavity, 
in  the  longicorn  beetles  and  in  Lepidoptera  it  is  very  small.  The 
pyloric  end  consists  of  an  internal  circular  fold  projecting  into  the 
cavity.  In  the  Psocida?  (Caecilius)  the  pyloric  end  is  i)rolonged  into 
a  slender  tube  nearly  as  long  as  the  larger  anterior  portion. 

The  limits  between  tlie  mid  and  hind  intestine  are  in  some  insects 
difficult  to  define,  the  urinary  tubes  sometimes  appearing  to  open 


77//;  Mify-iyrE.sT/.vi;  or  '^stomach"  sis 

into  tlie  end  of  the  mid-intestine  ("  stomacli ").     The  latter  also  is 
sometimes  lined  with  an  intima.     The  limits  are  also  deterinined 
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The  ileum.  —  Though  in  most  insects  slender,  and  therefore  called 
the  small  intestine,  the  ileum  is  in  locusts  (Fig.  298)  and  grasshop- 
pers (Anabrus,  Fig.  299)  as  thick  as  the  stomach.  In  many  carnivo- 
rous beetles  (Dyticus,  Fig.  320,  U,  and  Necrophorus)  it  is  very 
long,  but  rather  slender  and  short  in  the  Carabidae  and  Cicindelidse, 
as  well  as  those  insects  whose  food  is  liquid,  such  as  Diptera.  In 
the  Lepidoptera  it  varies  in  length,  being  in  Sphinx  quite  long  and 
bent  into  seven  folds  (Fig.  309),  while  it  is  very  short  in  the  Psocidae, 
(yhrysomelidae,  and  Tenthredinidae. 

In  the  locust  the  ileum  is  traversed  by  six  longitudinal  folds  with 
intervening  furrows ;  outside  of  each  furrow  is  a  longitudinal  muscu- 
lar band.  Seen  from  the  inner  surface  the  epithelium  has  an  unusual 
character,  the  cells  in  the  middle  of  each  of  the  flat  folds  being  quite 
large,  polygonal  in  outline,  while  towards  the  furrows  the  cells  be- 
come very  much  smaller.  The  walls  are  double  when  seen  in  trans- 
verse section,  the  inner  layer  consisting  of  epithelial  cells  resting  on 
connective  tissue,  the  outer  layer  formed  of  circular  muscles.  The 
cuticula  is  thin,  but  probably  chitinous;  it  resembles  that  on  the 
gastro-ileal  folds,  except  that  there  are  no  spinules,  but  unlike 
the  cuticula  of  the  stomach  it  extends  equally  over  the  folds  and  the 
furrows.  (Minot.)  In  the  cockroach  the  junction  of  the  small  in- 
testine with  the  colon  is  abrupt,  a  well-developed  annular  fold 
assuming  the  nature  of  a  circular  valve.     (Miall  and  Denny.) 

The  gastro-ileal  folds.  —  In  the  locust  the  intestine  is  separated 
from  the  chylific  stomach  by  what  Minot  calls  *^the  gastro-ileal 
folds,"  which  form  a  peculiar  valve.  The  urinary  vessels  open  just 
underneath  and  in  front  of  this  valve.  In  Melanoplus,  and  probably 
in  the  entire  family  of  Acrydiidae,  they  are  indicated  as  "  dark  spots, 
round  in  front  and  lying  at  the  anterior  end  of  the  ileum  so  as  to 
form  a  ring  around  the  interior  of  the  intestine."  They  are  12  in 
number,  and  all  alike.  They  are  pigmented  and  round  in  front 
where  they  are  broadest  and  stand  up  highest ;  they  narrow  down 
backwards,  the  pigment  disappears,  and  they  gradually  fade  out  into 
the  ileal  folds.  Directly  beneath  them,  and  j,u8t  at  the  posterior  end 
of  the  stomach,  there  is  a  strong  band  of  circular  striated  muscular 
fibres.  The  epithelium  of  these  folds  is  covered  with  minute  conical 
spines,  which  are  generally,  but  not  always,  wanting  between  the 
folds.     (Minot.) 

The  colon.  —  This  section  of  the  intestine  (Fig.  319)  is  sometimes 
regarded  as  a  part  of  the  rectum.  In  the  locust  the  six  longitudinal 
folds  of  the  ileum  are  continued  into  the  colon,  but  their  surface, 
instead  of  being  smooth  as  in  the  ileum,  is  thrown  up  into  numerous 
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iriegiilar  curved  and  zigz^  secondary  folds.     The  cells  of  the  epithe- 
lium are  of  uniform  size,  and  the   layer  is  covered  by  a  highly 
*  refiingeut   cuticula  without  spines;   and, 

like  tliat  in  the  ileum,  it  rests  on  a  layer 
of  connective  tissue,  beyond  which  follows 

(1)  an  internal  coat  of  longitudinal,  and 

(2)  an    external  coat  of  circular  striated 
muscular  fibres.     (Minot.) 

In  butterflies  {Pontiu  brasaiae),  in  Sphinx 
ligustri,  and  probably  in  most  Lepidoptera 
the  colon  is  distinct  from  the  rectum,  and  is 
anteriorly  developed  into  a  very  large  more 
or  less  pyrif'orm  or  bladder-like  ctecum 
(Figs.  30a,  310),  which  in  certain  Coleoptera 
(Dyticiis,  Fig,  '>i'i(l,  d;  Silpha,  Necropliorua, 
etc.)  is  of  i-euiarkable  length  and  shape; 
it  also  occui-s  in  Nepida;  (Fig.  327).  In 
the  cockroach  a  lateral  CEecum  "  is  occasion- 
ally, but  not  constantly,  present  towards  its 
rectal  end,"  and  a  constriction  divides  the 
colon  from  the  rectum.  (Miall  and  Denny.) 
The  rectum.  —  The  terminal  section  of 
the  hind-gut  vai-ies  in  length  and  size,  but 
is  usiialjy  hirger  than  the  colon,  and  with 
thick,  muscular  walls.  In  Lepidoptera  it 
is  narrow  and  short. 

The  rectum  is  remarkable  for  contain- 
ing structures  called  rectal  glands  (Fig, 
2!(8).  f'hun  describes  those  of  Lociiitfa 
I'i rill Imii nut  as  six  flat  folds,  formed  by  a 
high  columnar  epitlielium  and  a  distinct 
cuticula;  there  is  a  coat  of  circular  bands 
con-esponding  to  the  furi-ows  l>etween  the 
glands.  Minot  states  that  this  description 
Kill,  aie,  —  [iii....-iiv..  cAnoi  «f  is  applicable  to  tlie  ItH-usts  (Acrydiidje)  he 
mn^w"iitiiwi^ryia'l'fl"i^'^Z  '"^^  invcstigatetl,  the  only  difference  l>eing 
the  structural  details  of  the  single 
I  layers.  He  claims  that  the  rectal  folds 
"Ti.wi"iSMi'^li'ir'*vS'!'^"in"."  "''"  ""*  ^^^'^  '■''*'  least  api)earance  of 
N..ni">rt.  glandular  structure,"'  neither  is  their  func- 

tion an  absorbent  one,  as  ('liun  supposed.     From  their  structure  and 
]iiisitioii  Fernald  regards  the  rectal  glands  of  Passalus  as  ai:ting  like 
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a  valve,  serving  to  retain  the  food  In  the  absorptive  portions  of  the 
digestive  track  till  all  nutriment  is  extracted. 

The  epithelial  folds  of  the  larvEe  of  diagon-flies  serve  as  o^ans  of 
respiration,  the  water  being  admitted  into  this  cavity,  and  when 


Fio.  BSO,  —  r>i/Ueu»  jiiargintiliA,  o",  u|kii«1  llniiu  ihf  Wk:  n,  prop;  B.  proventrlpiilus;  e,  mM- 
lnu«Iin«  bettl.  vrllb  Hni:  «fuI  rUimIa  ;  d,  Ihiie  cifoI  B[ipi.'n<liu;e  nf  the  cninn  :  S,~B^  nuudvnipi ; 

forcibly  expelled  serving  to  propel  the  creature  forward.  I'aired  and 
single  anal  glands  (reprignatorial)  enter  the  rectum  of  certain  Cole- 
optera  (Figs.  ."iOS,  I;  :n~,  s;  .'Wl),  e). 

The  vent  (anus).  — The  external  opening  of  the  rectum  is  situated 
in  the  end  of  the  body,  in  the  vestigial  10th  or  11th  abdominal  scg- 
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ment,  and  is  more  or  leas  eversible.  It  ia  protected  above  in  cater 
pillars,  and  other  insects  with  10  free  abdominal  segments,  by  the 
suranal  plat«.  It  is  bounded  on  the  sides  by  the  paranal  lobes,  while 
t>eneath  is  the  infra-anal  lobe. 

The  anus  is  wanting  in  certain  insects,  and  where  this  is  the  case 
the  tiind-gut,  owing  to  a  retention  of  tlie  embryonic  condition,  is 
usually  separated  from  the  mid-intestine.     (Bee  p.  300.) 

Some  reiiiBTkable  features  of  the  digexLive  c«nal  in  heiniptemua  insects  are 
noteworthy.  In  the  Coccidie,  according  to  Mark,  the  anterior  end  ol  the  long 
mid-intestine  forms,  with  tlie  hinder  end  of  the  (Bsopti- 
agus,  a  small  loop,  whose  poEterior  end  is  Brmly 
grown  to  the  wall  of  the  rectum,  anil  forms  a  cup- 
like invagination  of  the  latter.  Then  the  rest  of  [lie 
tul)e-like  stomach  turns  sidewise  and  forms  a  large 
f  loop,  which  turns  back  on  itself  and  occupies  a  lar^ 

part  of  the  body- cavity.  This  loop  receives  on  the 
anterior  end,  near  the  ceaopliagus,  tlie  two  urinary 
vessels,  and  forms  just  below  the  opening  Into  the 
rectum  a  short  cEecuin. 

In  other  homoplerous  genera  {I'syllidie  and  some 
Cicadidie)  Witlaczii  describes  nearly  the  same  peculi- 
arity, the  mid-f[ut  and  part  of  the  intestine  forming 
a  loop  growing  together  for  a  certain  distance  and 
winding  round  each  other  (Kig.  321). 

HiBtology  of  the  digestive  ouud.  —  In  all  the 

divisions  of  the  digestive  canal  of  insects  the 

succession  of   the  cellular  layers   composing 

it  is  the  same  ;    1st,  a  ciiticula;  2d,  an  epithe- 

Fio.  8S1,  — Eniertc  ennui    lium ;    3d,    connective    tissue;    4th,  muscular 

H.  mli^u  /'i^'^mwi'ia-    tissue.    In  the  locust,  the  first  division  of  the 

vm^XAauy'  trM^»"^'^a.i    Canal  (fore-gut),  there  are  two  muscular  coats, 

^e'snli*''hV  ml)si'°«iiMlor    ^^  internal  longitudinal  and  an  external  cir- 

Sftir  wit&Li!''iiSl*L2rg  ~    <"'''''■  <'****  i    ^'^^  *''*'^s  '"■^  *11  striated.      The 

lining  epithelium  is  not  much  developed,  but 

forms  a  thicli,  hard,  and  refringent  cuticula,   which  is   thrown  up 

into  spiny  ridges.     In  the  second  division  (mid-gut,  "stomach")  the 

epithelium  is  com[M>sed  of  very  high  columnar  cells,  which  make  up 

the  greater  part  of  the  thiclcness  of  the  walls,  while  the  cuticula 

is  very  delicate,  slightly  refringent,  with  no  ridges,  and  is  probably 

not  chitinous ;    the   fibres   of   the  muscular  coats  are  not  striatal, 

while  this  division  is  also  distinguished  by  the  presence  of  glandular 

follicles  and  folds.     The  stomach  and  the  ciBcal  appendages  have 

all  these  i)eculiarities  in  common,  while  no  other  part  of  the  caiial  is 

thus  cliaracterized. 
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The  third  division  (intestine  and  rectum)  is  composed  of  an  epithe- 
lium, the  cells  of  which  are  intermediate  in  size  between  those  of  the 
fore  and  mid  gut.  The  cells  are  often  pigmented,  and  they  are 
covered  by  a  much  thicker  cuticula  than  that  of  the  stomach,  but 
which  is  not  so  thick  and  hard  as  that  of  the  oesophagus  and  pro- 
ventriculus.  The  very  refringent  cuticula  is  not  thrown  up  into 
ridges,  though  in  some  parts  it  is  covered  with  delicate  conical 
spines,  which  are  very  short.  "  The  epithelium  and  underlying  con- 
nective tissue  (tunica  jyropria)  are  thrown  up  into  six  folds,  which 
run  longitudinally,  being  regular  in  the  ileum  and  rectum  (as  the 
rectal  glands),  but  very  irregular  in  the  colon.  .  Outside  the  depres- 
sion between  each  two  neighboring  folds  there  is  a  longitudinal 
muscular  band,  these  making  six  bands.  This  peculiar  disposition 
of  the  longitudinal  muscles  does  not  occur  in  any  other  part  of  the 
canal;  it  is,  therefore,  especially  characteristic  of  the  third  divi- 
sion."    (Minot.) 
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b.  DigOBtion  in  insects 

For  the  most  complete  and  reliable  investigation  of  the  process  of 
digestion,  we  are  indebted  to  Plateau,  whose  results  we  give,  l)esides 
the  conclusions  of  later  authors : 

In  mandibulate  or  biting  insects,  the  food  is  conducted  through 
the  oesophagus  by  means  of  the  muscular  coating  of  this  part  of  the 
digestive  canal.  Suctorial  insects  draw  in  their  liquid  food  by  the 
contractions  followed  by  the  dilatations  of  the  mid-intestine  (chylific 
stomach).  Dragon-flies,  Orthoptera,  and  Lepidoptera  swallow  some 
air  with  their  food. 

Where  the  salivary  glands  are  present,  the  neutral  alkaline  fluid 
secreted  by  them  has  the  same  property  as  the  salivary  fluid  of 
vertebrates  of  rapidly  transforming  starchy  foods  into  soluble  and 
assimilable  glucose.  In  such  forms  as  have  no  salivary  glands, 
their  place  is  almost  always  supplied  by  an  epithelial  lining  of  the 
oesophagus,  or,  as  in  the  Hydrophilidae,  a  fluid  is  secreted  which  has 
the  same  function  as  the  true  salivary  fluid. 

Nagel  states  that  the  saliva  of  the  larva  of  Dyticus  is  powerfully 
digestive,  and  has  a  marked  poisonous  action,  killing  other  insects, 
and  even  tadpoles  of  twice  the  size  of  the  attacking  larva,  very 
rapidly.  The  larvae  not  only  suck  the  blood  of  their  victims,  but 
absorb  the  ])roteid  substances.  Drops  of  salivary  juice  seem  to 
paralyze  the  victim,  and  to  ferment  the  proteids.  The  secretion  is 
neutral,  the  digestion  tryptic.  Similar  extra-oral  digestion  seems  to 
occur  in  larvje  of  ant-lions,  etc.  (Biol.  Centralbl.,  xvi,  1896,  pp.  51-o7, 
mV112;  Journ.  Roy.  Micr.  Soc,  1896,  p.  184.) 

In  carnivorous  insects  and  in  Orthoptera,  the  (Ksophagus  dilates 
into  a  crop  (ingluvies)  ended  by  a  narrow,  valvular  apparatus  (or 
gizzard  of  authors).  The  food,  more  or  less  divided  by  the  jaws, 
accumulates  in  the  crop,  which  is  very  distensible ;  and,  when  the 
food  is  penetrated  by  the  neutral  or  alkaline  liquid,  there  undergoes 
an  evident  digestive  action  resulting,  in  carnivorous  insects,  in  the 
transformaticm  of  albuminoid  substances  into  soluble  and  assimilable 
matter  analogous  to  peptones,  and,  in  herbivorous  insects,  an  abun- 
dant production  of  sugar  from  starch.  This  digestion  in  the  crop,  a 
food-reservoir,  is  very  slow,  and,  until  it  is  ended,  the  rest  of  the 
digestive  canal  remains  empty. 

"  Any  decided  acidity  found  in  the  crop  is  due  to  the  injection  of 
acid  food ;  but  a  very  faint  acidity  may  occur,  which  results  from 
the  presence  in  the  crop  of  a  fluid  secreted  by  the  caecal  diverticula 
of  the  mesenteron.''     (Miall  and  Denny.) 
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When  digestion  in  the  crop  is  accomplished,  the  matters  are  sub- 
jected to  an  energetic  pressure  of  the  walls  through  peristaltic  con- 
tractions, and  then,  guided  by  the  furrows  and  chitinous  teeth,  pass 
along  or  gradually  filter  through  the  valvular  apparatus  or  proven- 
triculus,  whose  function  is  that  of  a  strainer. 

At  the  beginning  of  the  "  chyle-stomach  "  (mesenteron)  of  Orthop- 
tera  are  glandular  cseca  which  secrete  a  feebly  acid  fluid.  This  fluid 
emulcifies  fats,  and  converts  albuminoids  into  peptones.  It  passes 
forwards  into  the  crop,  and  there  acts  upon  the  food. 

In  the  mesenteron  (mid-intestine)  the  food  is  acted  upon  by  an 
alkaline  or  neutral  fluid,  never  acid,  either  secreted,  as  in  Orthop- 
tera,  by  local  special  glands,  or  by  a  multitude  of  minute  glandular 
cieca,  as  in  many  Coleoptera,  or  by  a  simple  epithelial  layer.  It  has 
no  analogy  with  the  gastric  juices  of  vertebrates ;  its  function  diifers 
in  insects  of  different  groups ;  in  carnivorous  Coleoptera  it  actively 
emulsionizes  greasy  matters ;  in  the  Hydrophilidae  it  continues  the 
process  of  transformation  of  starch  into  glucose,  begun  in  the  oesoph- 
agus. In  the  Scarabeeidse,  it  also  produces  glucose,  but  this  action 
is  local,  not  occurring  elsewhere ;  in  caterpillars,  it  causes  a  produc- 
tion of  glucose,  and  transforms  the  albuminoids  into  soluble  and 
assimilable  bodies  analogous  to  peptones,  and  also  emulsionizes 
greasy  matters.  Finally,  in  the  herbivorous  Orthoptera  there 
does  not  seem  to  be  any  formation  of  sugar  in  the  stomach  itself, 
the  production  of  glucose  being  confined  to  the  crop  (jabot). 

When  digestion  in  the  crop  is  finished,  the  proventriciilus  relaxes, 
and  the  contents  of  the  crop,  now  in  a  semifluid  condition,  guided 
by  the  furrows  and  teeth,  passes  into  the  mesenteron,  which  is  with- 
out a  chitinous  lining,  and  is  thus  fitted  for  absorption. 

The  contents  of  the  mid-intestine  (chylific  stomach)  then  slowly 
and  gradually  pass  into  the  intestine,  the  first  anterior  portion  of 
which,  usually  long  and  slender,  is  the  seat  of  an  active  absorption. 
The  epithelial  lining  observed  in  certain  insects  seems,  however,  to 
indicate  that  secondary  digestion  takes  place  in  this  section.  The 
reaction  of  the  contents  is  neutral  or  alkaline. 

The  second  and  larger  division  of  the  intestine  only  acts  as  a 
stercoral  reservoir.  (The  voluminous  caecum  occurring  in  Dytiei- 
dse,  Nepa,  and  Ranatra,  whether  full  or  empty,  never  contains  gas, 
and  it  is  not,  as  some  have  supposed,  a  swimming-bladder.)  The 
liquid  product  secreted  by  the  Malpighian  tubes  accumulates  in  this 
division,  and,  under  certain  circumstances,  very  large  calculi  are 
often  formed.  In  his  subsequent  paper  on  the  digestion  of  the  cock- 
roach. Plateau  states  that  in  the  intestine  are  united  the  residue  of 
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the  work  of  digestion  and  the  secretion  of  the  urinary  or  ^lal- 
pighian  tubes,  this  secretion  being  purely  urinary. 

These  organs  are  exclusively  depuratory  and  urinary,  freeing  the 
body  from  waste  products  of  the  organic  elements.  The  liquid  they 
secrete  contains  urea(?),  uric  acid  and  abundant  urates,  hippuric 
acid  (?),  chloride  of  sodium,  phosphates,  carbonate  of  lime,  oxalate 
of  lime  in  quantity,  leucine,  and  coloring-matters. 

The  products  of  the  rectal  or  anal  glands  vary  much  in  different 
groups,  but  they  take  no  part  in  digestion,  nor  are  they  depuratory 
in  their  nature. 

Insects  have  nothing  resembling  chylific  substances.*  The  prod- 
ucts of  digestion,  dissolved  salts,  peptones,  sugar  in  solution,  emul- 
sionized  greasy  matters,  pass  through  the  relatively  delicate  walls 
of  the  digestive  canal  by  osmose,  and  mingle  outside  of  the  canal 
with  the  blood. 

Whatever  substances  remain  undigested  are  expelled  with  the 
excrements;  such  are  the  chitin  of  the  integumeuts  of  insects, 
vegetable  cellulose,  and  chlorophyll,  which  is  detected  by  the 
microspectroscope  all  along  the  digestive  canal  of  phytophagous 
insects. 

In  his  experiments  in  feeding  the  larvae  of  ^Fusca  with  laemus, 
Kowalevsky  found  that  the  oesophagus,  food-reservoir,  and  proven- 
triculus,  with  its  caecal  appendages,  always  remained  blue,  and  had 
an  alkaline  reaction ;  the  mid-intestine,  also,  in  its  anterior  portion, 
remained  blue,  but  a  portion  of  its  posterior  half  became  deep  red, 
and  also  exhibited  a  strong  reaction.  The  hind-intestine,  however, 
always  remained  blue,  and  also  had  an  alkaline  reaction.  (Biol. 
Centralbl.,  ix,  1889,  p.  46.) 

The  mechanism  of  secretion.  —  Gehuchten  describes  the  process  of 
secretion  in  insects,  the  following  extract  being  taken  from  his 
researches  on  the  digestive  apparatus  of  the  larva  of  Ptychoptera. 
The  products  of  secretion  poured  into  the  alimentary  canal  are  more 
or  less  fluid ;  for  this  reason,  it  is  impossible  to  say  when  an  epi- 
thelial cell  at  rest  contains  these  products.  For  the  secreting  nature 
of  these  cells  is  only  apparent  at  the  moment  when  they  are  ready 

1  Plateau  (1877)  states  that  the  digestive  fluid  of  insects,  as  well  as  of  Arachnids 
Crustaceans,  and  Myriopods,  has  no  analogy  with  the  gastric  juice  of  vertebrates :  it 
rather  resembles  the  pancreatic  sugar  of  the  higher  animals.  The  acidity  quite  often 
observed  is  only  very  accessory  in  character,  and  not  the  sign  of  a  physiological 
proi>erty.  **  Farther,  I  have  found  it  in  insects ;  Hoppe-Seyler  has  demonstrated  in 
the  Crustacea,  and  I  have  proved  in  the  spiders,  that  the  ferment  causing  the  diges- 
tion of  albuminoids  is  evidently  quite  different  from  the  gastric  pepsiue  of  verte- 
brates ;  the  addition  of  very  feeble  quantities  of  chlorhydric  acid,  far  from  promoting 
its  action,  retards  or  completely  arrests  it."    (Bull.  Acad.  roy.  Belgique,  1877,  p.  27.) 
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for  excretion ;  then  the  cellular  membrane  swells  out,  and  a  part  of 
the  protoplasmic  body  projects  into  the  intestinaJ  cavity. 

Before  going  farther,  the  terms  secretion  and  excretion  should,  he 
says,  be  defined.  With  Ranvier,  he  believes  that  the  elaboration  in 
the  protoplasm  of  a  definite  fluid  substance  is,  jxir  excellence,  the 
secretory  act,  while  the  removal  of  this  substance  is  the  act  of 
excretion. 

A  glandular  cell  of  the  chylific  stomach,  when  at  rest,  is  always 
furnished  with  a  striated  "  platform,"  or  flat  surface,  or  face,  on  the 
side  facing  the  cavity  of  the  stomach,  and  the  free  edge  of  the  plat- 
form, or  plateau,  is  provided  with  filaments  projecting  into  the 
digestive  cavity  (Fig.  322,  /).     These  glandular  cells,  when  active. 


differ  much  in  appearance.  In  a  great  number,  the  platform  (pla- 
teau) has  disappeared,  and  is  replaced  by  a  simple,  regular  mem- 
brane. During  the  process  of  secretion,  a  finely  granular  mass,  in 
direct  continuity  with  the  protoplasm,  swells,  and  raises  the  mem- 
brane over  the  entire  breadth  of  the  coll,  causing  it  to  project  into 
the  intestinal  cavity  (Fig.  .'1:^2.  A,  B).  These  vesicles,  or  drops  of 
the  secretion,  whether  free  or  still  attached  by  a  web  to  the  cells, 
are  clear  and  transparent  in  the  living  insect,  but  granular  in  the 
portions  of  the  digestive  canal  fixed  for  cutting  into  sections.  Ge- 
huchten  then  asks :  "  How  does  a  cell  gorged  with  the  products  of 
secretion  empty  itself'.'"  Both  Ranvier  and  also  Ileidenhain  be- 
lieve that  one  and  the  same  glandular  cell  may  secrete  and  excrete 
several  times  without  undergoing  destruction,  but  their  researches 
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made  on  salivary  glands  have  not  answered  the  question.  Gehuehten 
explains  the  process  thus :  when  the  epithelial  cell  begins  to  secrete, 
the  clear  fluid  elaborated  in  the  protoplasm  of  the  cell  increases  the 
intra-cellular  tension,  until,  finally,  the  fluid  breaks  through  certain 
weak  places  im.  the  swollen  basal  membrane  of  the  platform,  and 
then  easily  passes  through  the  closely  crowded  fllaments,  and  pro- 
jects out  into  the  intestinal  cavity  as  a  pear-shaped  vesicle  of  a 
liquid  rich  in  albumens  at  first  attached  to  the  free  face  of  the  cell, 
but  finally  becoming  free,  as  at  Fig.  322,  A,  B. 

When  the  elaboration  of  the  substance  to  be  secreted  is  more 
active,  the  mechanism  of  the  secretion  is  modified.  The  basal  mem- 
brane of  the  platform  may  then  be  raised  at  several  places  at  onc€ ; 
instead  of  a  single  vesicle  projecting  into  the  intestinal  cavity,  each 
cell  may  present  a  great  number  more  or  less  voluminous.  If  all 
remain  small  and  rapidly  detach  themselves  from  the  glandular  cell, 
the  filaments  of  the  platform  ai'e  simply  separated  from  each  other 
at  different  points  of  the  free  face,  as  in  Fig.  322,  C  On  the  other 
hand,  when  the  different  vesicles  of  a  single  cell  become  larger,  the 
filaments  of  the  platform  are  compressed  and  crowded  against  each 
other  in  the  spaces  between  the  vesicles  remaining  free,  and  the 
undisturbed  portions  of  the  platform  appear  homogeneous  (Fig. 
322,  /)).  After  the  excretion  of  the  secretory  products  by  this 
process  of  strangulation,  the  cell  then  assumes  the  aspect  of  a  glan- 
dular cell  at  rest,  and  may  begin  again  to  form  a  new  secretion. 

To  sum  up:  The  process  of  excretion  may  occur  in  two  ways: 
1.  Where  the  membrane  ruptures  and  the  substances  secreted  are 
sent  directly  out  into  the  digestive  cavity.  2.  Where  the  vesicles 
become  free  by  strangulation,  floating  in  the  glandular  or  intestinal 
cavity,  and  ending  by  rupturing  and  coming  into  contact  with  the 
neighboring  vesicles  or  with  the  food. 

Absorbent  cells.  —  Besides  the  glandular  or  secreting  cells  in 
Ptychoptera,  there  is  between  the  two  regions  of  the  chyle-stomach 
lined  with  these  cells  a  region  about  a  centimetre  long  composed  of 
absorbent  cells.  The  absorbent  cells  are  very  large,  polygonal,  and 
contain  a  large  nucleus,  in  which  is  a  striated  convoluted  chromatic 
cord. 

The  food  on  entering  the  chyle-stomach  is  brought  into  contact 
with  the  products  secreted  in  the  proventrieulus,  in  the  first  part  of 
the  chyle-stomach,  and  in  the  tubular  glands.  These  products  of 
secretion  act  on  the  food,  extracting  from  them  useful  substances 
which  they  render  soluble.  These  substances,  after  having  been 
absorbed  by  the  absorbent  cells  in  the  middle  region  of  the  stomach. 
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undergo  special  modifications,  and  are  transformed  into  solid  prod- 
ucts, which  are  situated  at  the  bottom  of  these  cells.  Afterwards 
the  alimentary  substances  freed  from  a  portion  of  their  useful  sub- 
stances are  again  placed  in  contact  with  the  products  of  secretion  in 
the  distal  part  of  the  chylific  ventricle,  and  reach  the  terminal  part 
of  the  intestine. 

"  The  products  of  secretion,"  adds  Gehuchten,  "  diverted  into  the 
intestinal  canal  do  not  come  into  immediate  contact  with  the  alimen- 
tary substances ;  they  are  separated  from  it  by  a  continuous,  struct- 
ureless, quite  thick  membrane  (the  peritrophic  membrane),  which 
directly  envelops  the  cylinder  of  food  matters,  extending  from  the 
orifice  of  the  oesophageal  valvule  to  the  end  of  the  intestine. 
Between  this  membrane  and  the  free  face  of  the  epithelial  lining 
there  exists  a  circular  space,  into  which  are  thrown  and  accumulate 
the  excreted  substances.  The  latter  then  cannot  directly  mingle 
with  the  aliments ;  but  when  they  are  liquid  they  undoubtedly  pass 
through  this  membrane  by  osmose,  and  thus  come  into  contact  with 
the  nutritive  substances.  It  is  the  same  with  the  products  of 
absorption.  The  absorption  of  soluble  products  of  the  intestinal 
cavity  is  not  then  so  simple  a  phenomenon  as  it  was  at  first  thought 
to  be,  since  these  products  are  nowhere  brought  into  immediate  con- 
tact with  the  absorbent  cells  "  (pp.  90,  91). 

The  most  recent  authority,  Cu^not,  states  that  absorption  of  the 
products  of  digestion  takes  place  entirely  in  the  mid-intestine,  and 
in  its  caeca  when  these  are  present.  The  mid-intestine  exercises  a 
selective  action  on  the  constituents  of  the  food  comparable  to  the 
action  of  the  vertebrate  liver. 
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THE   GLANDULAR   AND  EXCRETORY  APPENDAGES   OF 

THE  DIGESTIVE   CANAL 

Into  each  primary  division  of  the  digestive  canal  open  important 
glands.  The  salivary  and  silk-glands  are  offshoots  of  the  oesophagus 
(stomoda^um) ;  the  coecal  appendages  open  into  the  stomach  (mesen- 
teron),  while  the  urinary  tubes  grow  out  in  embryonic  life  from  the 
primitive  intestine  (proctodaeum),  and  there  are  other  small  glands 
which  are  connected  with  the  end  of  the  hind-intestine. 

a.  The  salivary  glands 

We  will  begin  our  account  of  these  glands  with  those  of  the 
Orthoptera,  where  they  are  well  developed.  In  the  cockroach  a 
large  salivary  gland  and  accompanying  reservoir  lie  on  each  side 
of  the  (esophagus  and  crop.  The  gland  is  a  thin,  leaf-like,  lobulated 
mass,  divided  into  two  principal  lobes.  These  open  into  a  common 
trunk,  which  after  receiving  a  branch  from  a  small  accessory  lobe, 
and  from  the  salivary  reservoir,  unites  with  its  fellow  to  form  the 
unpaired  salivary  duct  which  opens  into  the  under  side  of  the  lingua. 
Each  salivary  reservoir  is  a  large  oval  sac  with  transparent  walls. 
(Miall  and  Denny,  also  Figs.  299,  «r,  and  327.)  The  ducts  and  reser- 
voirs have  a  chitinous  lining,  and  the  ducts  are,  like  the  tracheae,  sur- 
rounded by  a  so-called  spiral  thread,  or  by  separate,  incomplete,  hoop- 
like bands,  which  serve  to  keep  the  duct  permanently  distended. 
In  the  locust  (Fig.  298)  the  lobules  are  more  scattered,  forming 
small  separate  groups  of  acinose  glands.  In  the  embryo  of  Forlicula 
Heymons  has  observed  a  pair  of  salivary  glands  opening  on  the  inner 
angle  of  the  mandibles,  a  second  pair  opening  in  the  second  maxillae, 
while  a  third  pair  of  glands,  whose  function  is  doubtful,  is  situated 
in  the  hinder  part  of  the  head,  opening  to  the  right  and  left  on  the 
chitinous  plate  (postgula)  behind  the  submentum.  In  Perla,  there 
are  two  pairs  segmentally  arranged  (Fig.  343). 

Here  we  might  refer  to  a  pair  of  glands  regarded  by  Blanc  as  the 
true  salivary  glands.  They  do  not  appear  to  be  the  homologues  of 
the  salivary  glands  of  other  insects,  though  probably  functioning 
as  such.  The  functional  salivary  glands  of  lepidopterous  larvae  have 
been  overlooked  by  most  entomotomists,  and  the  spinning  glands 
have  been,  it  seems  to  us,  correctly  supposed  to  be  modified  salivary 
glands.  Lucas  also  regards  those  of  case-worms  (Trichoptera)  as 
morphologically  salivary  glands.  Those  of  the  silkworm  were  figured 
by  Reaumur  (Tom.  i,  PI.  v,  Fig.  1),  but  not  described ;  while  those 
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of    Cossua,    wliieli   ai'e    volumiiums,  were    regarded   by    Lyotiet   as 
"  vaUaeaux  dissolcans."    Hi:  Auzoux  (1849),  in  his  celebrated  model 


Fra,  81«.  — Left  tld*  of  Ul«  b«*d  at  tbt  >llkwgnn;  n.  wlduclDr  muuls  of  tlir  mudlble,  ftnm 
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of  the  silkworm,  represented  them  accurately,  while  Cornalia  briefly 
described  them  as  opening  into  the  mouth.  The  first  satisfactory 
description  is  that  of  Blanc 
(1891),  who  states  tliat  in  the 
silkworm  "the  two  salivary 
glands"  are  small,  flexuous, 
yellow  tubes,  which  occupy  a 
variable  position  on  the  sides 
of  the  ffisopbagiis  (Fig.  323). 
The  glandular  portion  passes 
into  the  head,  ending  at  the 
level  of  the  adductor  plate  of 
the  mandibles  (Fig.  ,324,  a), 
and  entering  the  buccal  cavity 
at  the  base  of  the  mandible, 
as  seen  in  Fig.  32,^  It  is 
plain,  when  we  repognize  the 
direct  homology  of  the  silk- 
glands  of  the  caterpillars  with 
the  salivary  glands  of  other 
»»iidirM»r"inii»ir"L"n."n7wii"»vprw  imrtinn  orihe  insects,  and  of  the  spinneret 
with  the  hypopharyns,   that 
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these  si>called  "  salivaiy  glands"  in  lepidopterous  latvse  are  different 
Btnictures.     They  are  probably  modified  ooxal  glands,  belonging  to 

the  mandibular  segment. 

The  polygonal  epithelial  cells  of  these  glajidB  contain  branched  nuclei,  recall- 
ing those  of  the  ap inning-glands.  In  tliose  caterpillars  which  feed  on  leaves,  the 
salivary  glands  are  slightly  developed,  but  in  such  aa 
bore  i[Lto  and  eat  wood,  aa  the  Cossidie,  the  glands  are, 
as  flgnved  by  Lyonet,  very  large,  furnilng  two  sausage- 
shaped  bodies  passing  back  t«  the  beginning  of  the  mid- 
inteatiiie,  each  ending  in  a  long  conviiiuted  filament. 
The  Halivary  glands  of  the  iinago  are  very  long  and  con- 
voluted (Fig.  310,  3d). 

In  the  Panorpidte  theae  glands  differ  in  the  seies,  the 
males  having  three  pairs  of  very  long  tortuous  tubes, 
while,  in  the  females,  they  are  reduced  to  two  indistinct 
vesicles.     (Siebold.) 

In  the  Diptera  in  general  there  are  two  pairs, 

one  situated  in  the  beak,  the  other  in  the  thorax. 
In  the  larvee  there  is  a  single  pair  (Fig.  341). 
Kraepelin  describes  a  third  pair  in  the  MuscidsB 
at  the  point  of  transition  from  the  fulcrum  to 
the  (Esophagus,  but  KnUppel  has  apparently 
found  only  what  may  be  fat  cells  at  this  point, 
80  that  the  supposed  presence  of  a  third  pair  in 
Diptera  needs  confirmation.  In  the  Psocidse 
thei-e  are  two  salivary  glands,  of  simple  tubular 
shape  (Fig.  325). 

In  the  Nepidje  the  salivary  glands  are  four 
in  number,  and  of  conglomerate  structure,  two 
being  long  and  extending  back  into  the  begin- 
ning of  tlie  abdomen,  while  the  other  two  are 
about  one-fourth  as  long.    (Figs.  327,  328.)    In 
Cicada,  besides  a  pair  of  simple  tortuous  tubes, 
there  is  in  the  head  another  pair  of   glands,_ 
each   composed   of  two  tufta  of  short   lobes, 
situated  one  behind  the  other.     (Dnfour.)     In       fio.  bsb.  —  on*  of  ih* 
many    Hemiptera  (Pyrrhocoris,    Oapsus,    etc.)   iTtubumZi'uH'^i.txm- 
there  is  but  a  single  pair,  each  gland  consisting  . 
of  four  lobes;   in   the  Coccid*  each  gland  is  ' 
divided  into  two  loi)es  (Fig.  32B);  in  the  Aphidse,  according  to  Wit- 
laczil,  they  consist  of  two  lobes  grown  together.      In  the  Psyllidte 
they  are  said  to  be  absent. 

In   Phylloxera   caataCrix  the  saliva  is  forced  through  a  salivary 
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passage  out  of  the  duct  and  into  the  moutli  by  a  pumping  apparatus 
furnished  with  special  muscles.     (Krassilstschik.) 

In  the  Odonata  acinose  glands  are  present  in  the  imago,  but  not 
in  the  nymph  until  in  its  last  stage,  Puletaiew  accounting  for 
their  absence  in  the  earlier  stages  by  the  fact  that  the  larva  swal- 
lows more  or  less  water  while  taking  its  food. 

In  the  Coleoptera,  as  we  have  obseived  in  Anopthalmus,  there 
are  three  pairs  of  salivary  glands  (Fig.  74).  In  the  Blapsidte  these 
glands  consist  of  many  ramifying  tubes  united  on  each  side  of  the 


lid's  iii-Ttuig. 

resophagus   into  a  single  duct;    in    others  they  are  but  slightly 
developed,  while  in  still  others  they  are  wanting. 

Tlie  salivary  glands  are  most  highly  differentiated  in  the  Hymen- 
optera,  and  especially  in  the  bees  (Bombus  and  Apis)  where  Schie- 
meuz  found  not  less  than  five  systems  of  glands  (Fig  329;  also  87), 
of  which  four  systems  are  paired.  One  jmr  of  these  glands  lies  in 
the  tongue,  three  in  the  head,  and  one  in  the  thorax 

Syntem  1  is  situated  in  the  lipAd,  and  consists  of  unicellular  glande ;  the  duct 
frum  each  cell  leads  into  a  comiiion,  strongly  chitmized  duct  opening  into  the 

Syatcni  II,  composed  n[  ncinose  glands,  Ilea  also  in  the  head  ;  Its  duel  is 
united  with  that  of  Sy^t«m  III,  situated  in  the  thorax      (Fig  320  i.a.) 

.System  IV  is  situated  at  tlie  base  of  the  upper  surface  of  the  mandibles,  and 
forms  a  delicate  sac  lined  within  witti  glandular  cells;  its  duct  opens  at  the  in- 
sertion of  the  mandibles. 

System  V  lies  in  the  beak,  and  is  a  single  gland  consisting  of  unicellular 
glands  ;  it  opens  into  tiie  common  opening  of  Systems  II  and  III.  This  system 
is  wanting  in  the  hone;-bee,  but  occurs  In  Bombus  and  other  genera. 
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In  all  the  five  syslems  there  constantly  occur  three  cellular  layers ;  the  intima, 
epHhelial,  and  propria.     As  regards  their  origin  Schiemenz  slates  that  Systeuis  I 
and  IV  are  new  structures,  that  System  III  arises  in  part,  and  Systems  II  and 
V  wholly,  from  the  ailk-glands  of  the 
larva.     As  the  glands  diEer  much  in 
the  sexes,  and   in    different   species 
and  genera,  Schlemenz   believes  that 
their  Cunclion  is  very  manifold. 

In  addition  to  those  previously  dis- 
covered by  Schiementz,  Bordas  has 
detected  two  additional  pairs  of  sali- 
vary glands  In  the  vrorlcer  and  male 
honey-bee,  i.f.  the  internal  mandibular 

and  sublingual  glands,  so  that  in  Apis  UiraUU 

there  are  In  all  six  pairs,  and  appar- 
ently one  unpaired. 


tAUVfiirf 
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The  delicate  chitinous  exteroal  layer  of  the  gland  is  perforated 
by  many  very  fine  pores  through  which  the  salivary  fiuid  secreted 


338  TEXT-BOOK  OF  ESTOMOLOGY 

by  the  epithelial  cells  passes  into  the  salivary  duct.  The  glands 
are  externally  bathed  by  the  blood. 

In  many  insects,  including  lepidopterous  larrse,  the  single  median 
opening  of  the  aalivai-y  duct  is  converted  into  a  spraying  apparatus. 

In  the  adult  Lepldoptera,  according  to  Kirbach :  — 


«rf,  •rilvury  dufl;  *,  Junclhia' af  durU  of  nvstem  Xo,  t;  r,  juncOnn  ufiiucu  of  nvnlnn  No.  8; 
*e.  «.  ullrwy  niics ;  JT.  front  Inbr ;  bl.  bKk  Inbf :  <i,  rhIllnnuB  <1iirt,  wllh  >[ilni1  thmd.    B,  t\t,g\a 

lioii*™.  nutleiii!— IfierChMhln).      *      "  '''  '      ■    '  ct  »«- 

"  Tt8  lowpr  half  forma  a  t!iick  chitinou.*  puKer,  with  a  concave  cover  above, 
fn  wliicli  the  xiiiiilarly  shaped  upper  hnlf  lies  eiicused,  so  that  between  the 
two  only  a  smalt  semicircular  opening  remains.  Powerful  muscles  extend  from 
the  cover  to  tlie  lower  side  and  to  the  two  ridges  of  the  bottom  plate  ;  thrnuj;h 
their  contraction  the  upper  channel,  is  elevated,  and  presses  out  of  the  hinder 
pan  of  the  ducle  into  the  space  thus  formed  a  great  quaiility  of  the  saliva. 
which  by  allowing  the  contraciion  of  the  eover-musele  through  the  crevice- 
like  o])eniiig,  which  is  situated  in  the  lower  edge  of  the  mouth-opening,  becomes 
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sijiieezed  out  in  order  eilber  to  mix  with  the  fluid  where  the  2d  niaxills  fuse, 
passing  up  into  tlie  canal  in  the  proboscis,  or  to  penetrate  into  and  llms  dilute 
tlie  semi-fluid  or  solid  subscanced  taken  into  the  probottcls." 

The  morptiology  and  general  relations  of  tlie  salivary  glanda  have  been  sketcbed 
out  by  Hatschek,  Patten,  and  by  Lucas,  from  observations  on  those  of  the  case- 
wonns  or  larval  Trichoptera. 

Patten  >ttates  tbal  the  apinning'^lands  in  Neophylax  are  formed  by  a  pair  ot 
ectodermal  invaginations  on  the  ventral  side  of  the  embryo,  between  the  baM 
of  the  2d  maxillae  and  the  nervous  cord.    They  ^ 

increase  rapidly  in  length,  and  "  they  also  unite 
tu  forni  a  common  duct,  which  opens  at  the  end 
of  tbe  upper  lip." 

llie  salivary  glands  in  the  same  insect  are 
"  fornied  by  invagination  of  the  ectoderm  on  the 
inner  sides  of  the  mandibles,  in  the  same  man- 
ner as  are  tbe  spinning  glands." 

Lucas  has  shown  that  in  iricliopterous  Inrvic 
(Anabolia)  there  are  three  pairs  of  salivary 
glands  in  the  head,  which  are  serially  arranged. 
Ttie  first  pair  belong  to  the  mandibular,  the 
second  pair  to  the  1st  inarillary,  and  the  third 
pair,  or  spijining  glands,  to  the  2d  maxillary 
segment.  The  first  or  mandibular  glands  open 
into  Che  mouth  at  the  base  of  the  mandibles 
directly  behind  the  dorsal  condyle.  The  second 
pair  open  between  the  1st  and  iA  inaxtUie  at  the 
base  of  the  latter,  near  the  ventral  condyle  of 
the  mandibles.  The  third  pair  open  into  the 
hypophnryns.  which  is  modified  to  form  the 
spinneret.  Lucas  agrees  with  Korschelt  in 
regarding  ihem  as  inodiHed  coxa!  glands,  Schie- 
menz  having  previously  regarded  the  heail- 
glands  of  the  imago  of  the  bee  aa  belonging  to 
the  segments' bearing  the  three  pain<  of  buccal 
appendages,   so    that  each   segment    originally    , 


I,  S80.  — Eight  pi 


contained  a  pair  ot  glands.      It  is  thus  proven    ;  ■ — ■;■    ••••  .■;"';." ;.■.   :'; 

that  the  silk-glands  are  modifled  salivary  glands  vi,  fMirnriiniindihulsr:  'vl'l.  "tub- 
adapted  to  the  needs  of  spinning  larvte,  and  [I"/."/ ' .J'n'ii'  ."^"Ij.'"'''  "'^ 
indeed  in  the  imago  the  serlcteries  revert  to  their  gua':  J,  liunrf-Mc.'— 'AfterBDrdu. 
primitive  shape  and  use  as  salivary  glands. 

The  serial  arrangement  of  the  salivary  glands  in  the  llymenoptera,  where  the 
number  vaiies  from  five  to  ten  pairs,  is  clearly  proved  by  Bordas.  He  has 
detected  five  more  pairs  than  were  previously  known,  and  nameK  the  whole  seriea 
as  follows :  —  1 ,  the  thoracic  salivary  glands,  which  are  larger  than  the  others, 
anil  nine  other  pairs,  which  are  all  contained  in  the  head  as  follows:  2,  post- 
cerebrol ;  3,  supracerebral ;  4,  lateropharyngeal ;  6,  mandibular;  ft,  interno- 
mandibutar,  situated  on  the  inner  side  of  the  base  of  mandible ;  T.  sublingual ; 
S.  lingual  (these  and  1  to  7  common  to  all  Ilymenoptera]  ;  9,  paraglossal  (in 
Vespidx);  10,  maxillary  (very  distinct  in  most  wasps).  These  glands  do  not 
all  occur  in  the  same  species,  being  more  or  less  atrophied. 

Bordas  further  shows  the  segmental  arrangement  of  the  cephalic  glands  by 
stating  that  the  supracerebral  glands  correspond  to  tbe  anteniial  segment,  ths 
sublingual  glands  to  the  labial,  the  mandibular  glands  (external  and  internal) 
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to  the  mandibular  segment,  the  maxillary  glands  to  the  1st  maxillary  segment, 
the  lingual  glands  to  the  2d  maxillary  segment,  while  the  thoracic  and  post- 
cerebral  salivary  glands,  he  thinks,  correspond  to  the  ocular  segment,  a  view 
with  which  we  are  indisposed  to  agree,  although  conceding  that  each  of  the  six 
segments  of  the  head  has  in  it  at  least  one  pair  of  salivary  glands. 

Functions  of  the  different  salivary  glands  in  Hjrmenoptera. — The  secretion 
of  the  thoracic  glands  is  feebly  alkaline.  The  postcerebral  salivary  glands,  con- 
sidered by  Kamdohr  to  be  organs  of  smell,  secrete,  like  the  preceding,  a  distinc- 
tively alkaline  fluid,  whicli  mingles  with  the  products  of  the  thoracic  glands. 
The  supi*acerebral  glands,  also  equally  well  developed  in  all  Hymenoptera, 
though  much  atrophied  in  the  females  and  especially  the  males  of  Apis  meUijirft, 
also  in  the  Vespinse  and  Tolistinse,  secrete  an  abundant,  feebly  acid  liquid, 
which  is  actively  concerned  in  digestion. 

As  to  the  mandibular  glands,  which  Wolf  supposed  to  be  olfactory  organs, 
their  acid  secretion,  though  smelling  strongly,  acts  energetically  on  the  food  a.s 
soon  iis  introduced  into  the  mouth. 

The  sublingual  glands,  atrophied  in  most  Apidae,  but  relatively  voluminous  in 
Sphegidse,  Vespinae,  Polistinae,  Crabronidie,  etc.,  empty  their  secretion  into  a 
small  prebuccal  excavation,  where  accunuilate  vegetable  and  earthy  matters 
collected  by  the  tongue,  and  the  saliva  secreted  by  these  glands,  acts  upon  them 
before  they  pass  into  the  pharynx.  The  lingual  glands  secrete  a  thick,  sticky 
li(}uid,  which  causes  foreign  bodies  to  adhere  to  the  tongue,  and  also  agglutinates 
alimentary  substances.  The  uses  of  the  other  glands,  maxillary  and  paraglossal, 
are  from  their  minuteness  undetermined.    (Bordas.) 
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b.  Tlie  silk  or  spiniiiiig  glanda,  and  the  apimiing  apparatus 

The  larvae  of  certain  insects,  chiefly  those  of  the  Lepidoptera, 
possess  a  pair  of  silk  or  spinning  glands  (sericteries)  which  unite  to 
form  a  single  duct  opening  in  the  upper  lip  at  the  end  of  the  lingua, 
which  is  modified  to  form  the  spinneret.  (See  pp.  71,  75.)  All 
caterpillars  possess  them,  and  they  are  best  developed  in  the  silk- 
Avorms,  which  spin  the  most  complete  cocoon.  Silk-glands  also 
occur  in  the  larvae  of  the  Tenthredinidae,  in  the  case-worms  or  larval 
Trichoptera,  also  in  certain  chrysomelid  beetles  (Donacia,  Hsemo- 
nia),  and  in  a  weevil  (Hypera).  In  a  common  caddis-worm  (Lim- 
nophilus)  the  glands  are  of  a  beautiful  pale  violet-blue  tint,  and  two 
and  a  half  times  as  long  as  the  larva  itself ;  viz,  the  body  is  20  mm. 
and  the  glands  l}5  mm.  in  length. 

In  caterpillars  the  glands  are  of  tubular  shape,  shining  white,  and 
much  like  the  ordinary  simple  tubular  salivary  glands  of  the  imago. 
When  only  slightly  longer  than  the  body  they  are  twice  folded,  the 
folds  parallel  and  situated  partly  beneath  and  partly  on  the  side  of 
the  digestive  canal ;  not  usually,  when  folded  in  their  natural  posi- 
tion, extending  much  behind  the  end  of  the  stomach;  but  in  the 
silkworms  they  are  so  long  and  folded  as  to  envelop  the  hinder  part 
of  the  canal.  In  geometrid  caterpillars  the  glands  when  stretched 
out  only  reach  slightly  beyond  the  end  of  the  body;  in  Datana  they 
are  half  again  as  long  as  the  body.  Helm  thus  gives  their  relative 
length  in  certain  Eurasian  caterpillars,  and  we  add  that  of  Telea 
polifphemus :  — 

Vanessa  io  .    .    ,    .  length  of  hody    32  mm. ;  of  the  silk  glands    26  mm. 

Smerinthmtilm   .     .  ''          "           63     **         '*        *^        *»      205    '* 

Bomhyxmori    ...  "          »'           56     *»         **        *^        »*      262    »* 

Anthercea  yamamaya,  **          "         100    **         **        **        "      625    »* 

Telea  polyphemns      .  »'          *•           60    **         **        "        »*      450    *' 

Thus  in  Telea  the  silk-glands  are  about  18.50  inches  in  length, 
being  about  seven  times  as  long  as  the  body. 

For  the  most  complete  accounts  of  the  spinning  glands  of  Lepi- 
doptera and  their  mechanism  we  are  indebted  to  Helm  and  to  Blanc, 
and  for  that  of  the  Trichoptera  to  Gilson. 
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The  unpaired  portion,  or  spinning  apparatus  {jiU^re  of  Lyonet),  is 
divided  into  two  portions ;  the  hinder  half  being  the  "  thread-press/' 
the  anterior  division  the  "directing  tubes."  The  silk  material, 
stored  up  in  the  thickest  portion  of  the  glands,  passes  into  tlie 
thread-press  (Fig.  334,  ^4),  which  is  provided  with  muscles  which 
force  the  two  double  ribbon-like  threads  through  the  directing  tube, 
as  wire  is  made  by  molten  iron  being  driven  through  an  iron  plate 
perforated  with  fine  holes.  The  entire  spinning  apparatus,  or  Jilator, 
as  we  may  call  it,  is  situated  in  the  tubular  spinneret.  The  opening 
of  the  spinneret  is  directed  anteriorly,  and  the  anterior  end  of  the 
directing  tube  passes  directly  into  this  opening  so  that  the  directing 
tube  may  be  regarded  as  an  invagination  of  the  lingua. 

The  silk  thread  which  issues  from  the  mouth  of  the  spinneret  is, 
as  Leeuwenhoek  discovered,  a  double  ribbon-like  band,  as  may  be 
seen  in  examining  the  silk  of  any  cocoon. 

The  process  of  spinning. —  Since  the  appearance  of  Helm's  account, 
Gilson,  and  also  Blanc,  have  added  to  our  knowledge  of  the  way  iu 
which  the  silk  is  spun  and  of  the  mechanism  of  the  process.  Gilson 
has  arrived,  in  regard  to  the  function  of  the  press  or  filator,  at  the 
following  conclusions:  1,  the  press  regulates  the  thread,  it  com- 
presses it,  gives  it  its  flattened  shape ;  2,  it  regulates  the  layer  of 
gum*  (gr^s)  which  surrounds  the  thread ;  3,  it  may  render  the  thread 
immovable  by  compressing  it  as  if  held  by  pincers. 

The  process  of  spinning  in  the  silkworm,  says  Blanc,  comprises  all 
the  phenomena  by  which  the  mass  of  silk  contained  in  the  reservoir 
is  transformed  into  the  silk  fluid  of  which  the  cocoon  is  spun.  The 
excretory  canals  each  contain  a  cylindrical  thread  of  silk  having  a 
mean  diameter  of  0.2  mm.  and  surrounded  by  a  layer  of  gum  {fjr^H) 
which  in  the  fresh  living  organ  exactly  fills  the  annular  space  situ- 
ated between  the  fibroin  (cylinder  and  the  wall.  Arrived  within  the 
common  duct,  the  two  threads  receive  the  secretion  of  Filippi's  gland, 
where  the  silken  fluid  is  formed,  but  has  not  yet  assumed  its  definite 
external  characters.  The  two  threads  press  through  the  common 
canal  and  arrive  at  the  infundibulum  (Fig.  334,  c)  of  the  press,  at 

1  The  word  gres  we  translate  as  the  layer  of  gum.  Not  sure  of  the  English  equiva- 
lent for  </re5,  I  applied  to  Dr.  L.  O.  Howard,  U.  S.  Entomologist,  who  kindly  answers 
as  follows:  **  1  have  consulted  Mr.  Philip  Walker,  a  silk  exi)ert,  who  writes  me 
the  following  paragraph:  *Gre8,  as  I  understand  it,  is  the  gum  of  the  silk  fibre, 
hence  the  French  name  for  raw  silk,  grege^  which  is  in  distinction  to  the  silk  that  has* 
been  boiled  out  in  soap  after  twisting,  or  throwing,  as  it  is  called.  As  I  understand 
it,  the  silk  fibre  is  composed  of  the  grex  and  fibroin.  The  former  is  soluble  in  alkali, 
like  soap  water,  and  the  latter  is  not.'"  While  Blanc  considers  the  grw  as  the 
product  of  a  special  secretion  of  the  wall  of  the  reservoir,  (liLson  regards  its  produc- 
tion  as  simultaneous  with  that  of  the  silk  or  of  the  fibroin  (/.c.  189.'^  p.  74). 
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the  bottom  of  which  is  situated  the  orifice  of  the  spinning  canal, 
almost  completely  divided  into  two  by  the  sharp  edge  of  the  rachis 


(Figs.  334,  a,  33ii,  T).    The  threads  each  pass  into  one  of  the  two 
grooves,  and  the  layer  of  gum  {gr^n)  fills  the  rest  of  the  canal  of  the 


JS.  gplnnerFt:  (' A  budy  of  thp  l.rre:  F.  [i^er  yttt  nf  (hr  labium:  £.  com 
A  hyi«ilennr»oflbely™;/./.  hjpodcrmlciiuJ  of  rhilyre. 
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tJiat  the  passage  of  the  threads  is  facilitated.  If  the  muscles  totally 
contract,  the  spinning  canal  is  opened  wide,  the  threads  pass  easily 
upwards  and  assume  the  form  of  a  triangular  prism  (Fig.  336). 

If  this  contraction  diminishes,  tlie  chitinons  wall  of  the  spiiinei-et 
comes  together,  owing  to  its  elasticity ;  the  ceiling  of  the  canal  ai>- 
proaches  the  floor;  the  cavity  tends  to  take  the  form  of  a  semicii-cu- 
lar  slit,  and  the  threads  are  compressed,  flat- 
tened.  As  each  mass  or  thread  of  silk  is  much 
more  voluminous  than  the  canal,  except  when 
the  latter  is  extremely  dilated,  it  follows  that 
the  two  threads  are  always  couipressed,  or 
squeezed  together,  and  that  each  of  them  is 
compelled  to  mould  itself  iu  the  groove  it 
occupies  and  to  take  its  shape.  Hence  the 
variations  in  the  appearance  of  the  two  masses 
or  divided  portions  of  silk,  wliich  as  stated 
present  all  grades  between  the  form  of  an 
isoceles-triangular  prism  and  that  of  a  nearly 
flat  ribbon;  but  this  last  case  is  quite  mre. 
The  use  of  the  spinneret,  then,  is  to  compress 
the  thread  and  to  change  its  form  more  or 
less  considerably,  at  the  same  time  as  it  diniiu- 
*  ishes  its  diameter. 

Moreover,  this  constant  compression  of  the 

thread  as  it   passes  through  the  press   keeps 

Fin.  33.'j.  — spinnine  ip-   it    in   a  certain   state    of 

!i!™i^nin^r  tiu'  l^nnent;   tension  SO  as  to  allow  the 

i>rnni(?i:/>.ruinnii>iiai^iii:  Caterpillar  while  spinning 

ti^ji^'™'T';iik:,"™;  to  tirmly  hold  its  thread. 

Ji^hi  "f      Finally,  when  the  worm 

''or''the  suspends  the  contraction 

»h£h«p.S"«iie'WoTx':  of  its  spinning  muscie.s,  ■hBv;;v;Tnd~u'™;;:;i«'; 

[Vi"''^i^°'ift^  BUnc."""  tl»e  press  flattens,   vigor-    i'^r'°i^?;;:i/;'„rrt?p«-;.T 

ously      compresses      the    -^''"  *"»"'• 
thread,  and  arrests  its  motion,  in  such  a  way  that  if  there  was  a 
strain  on  the  silken  fluid  {have),  it  woidd  break  rather  than  oblige 
the  caterpillar  to  let  go  any  more  of  it. 

The  press  does  not  act  directly  on  the  silken  thread,  but  through 
the  gummy  layer  (gria)  which  transmits  over  the  whole  surface  of  the 
silken  fluid  (firi'ii)  the  pressure  exerted  on  it.  After  ha\'ing  overcome 
this  diflicnlt  passage,  the  silk  thread  has  acquired  its  definite  form; 
it  rapidly  passes  out  of  the  spinneret. 


PU^pi's 
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How  the  thread  is  drawn  out.  —  Having  seen,  says  Blanc^  how  the 
two  masses  of  silk  (brins),  in  passing  through  the  spinning  appara- 
tus (or  press),  join  each  other,  constituting  the  frothy  silken  fluid, 
thus  becoming  modified  in  form,  it  remains  to  examine  the  way  in 
which  the  thread  is  drawn  out  of  the  spinneret.  If  we  examine  a 
caterpillar  while  spinning,  it  will  be  seen  that  in  moving  its  head  it 
draws  on  the  frothy  mass  of  silk  fixed  to  the  web  of  the  cocoon. 
This  traction  certainly  aids  very  much  the  exit  of  the  thread,  but  it 
is  not  the  only  cause. 

The  silk,  Blanc  affirms,  is  pushed  out  by  a  force  a  tergo,  developed 
by  different  agents,  such  as  the  pressure  of  the  distended  cuticle  or 
the  silky  mass  contained  in  the  reservoir,  as  seen  in  the  section  of  a 
w^onn  which  has  spun  its  cocoon.  But  if  we  consider  a  caterpillar 
before  it  has  begun  to  spin,  it  is  difficult  to  explain  the  mechanism 
of  spinning.  As  Blanc  has  often  observed,  in  making  sections  of 
the  heads  of  silkworms,  two  cases  arise.  Sometimes  the  worm  has 
already  spun  a  little,  and  a  certain  length  of  the  frothy  silk  (have) 
issues  from  the  orifice  of  the  spinneret,  where  it  forms  a  small 
twisted  bundle.  At  other  times  the  worm  has  not  spun  since  its 
last  moult  or  the  frothy  mass  of  silk  has  broken  within  the  head, 
and  we  find  the  end  in  the  common  tube.  In  the  first  of  these  two 
cases,  the  worm,  dilating  its  press,  is  able  by  a  general  contraction 
to  discharge  a  little  of  the  gritty  material  (gr^s)  w^hich  lines  the  ball 
of  silk  hanging  at  the  end  of  the  spinneret.  It  can  also  reject  a 
certain  quantity  of  the  secretion  of  Filippi's  glands  and  thus  soften 
the  gritty  substance.  The  little  plug  of  silk  can  then  adhere  to  the 
body  with  which  it  comes  in  contact. 

In  the  same  case  it  is  necessary  that  the  two  bits  or  portions  of 
silk  traverse  the  press,  and  this  normally  has  a  calibre  less  than 
their  diameter.  The  worm  should  then  distend  the  spinning  tube 
as  much  as  is  practicable,  so  as  to  make  the  openings  as  large  as 
possible.  It  has  been  stated  that  the  press  is,  in  this  condition,  at 
least  as  large  as  the  mass  of  frothy  silk.  This  Blanc  believes 
(although  Gilson  thinks  otherwise)  is  pushed  by  a  force  a  tergo^  and 
reaches  the  funnel  of  the  spinning  canal ;  its  two  bits  of  silk  (brimt) 
imite  there,  penetrate  into  the  canal  itself,  and,  owing  to  successive 
impulses  produced  by  the  general  contractions  of  the  worm,  press 
through  and  pass  out  of  the  spinneret. 

While  the  silkworm  is  engaged  in  spinning  its  cocoon,  the  spin- 
neret and  press  execute  very  varied  movements,  determined  by  the 
elevator,  depressor,  retractor,  and  protractor  muscles  of  the  labium, 
as  well  as  those  of  the  press.     These  movements,  originally  very 
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uiiiT^  auK'ii^    .^uviiseivtfb,  Sis  that  the  spinneret 

p ,. ining  during  the  process  of  spinning  still  more 

diverse  positions. 


numerous,  may  combine  among  themselvt 
is  susceptible  of  assuming  during  the  proce 


Pm.  «S7.  —  PoHliin  at  ihp  sllk-Elinil  nf  Bi-mhi/r  marl :  /..  ninln  propria:  ',  tunki  Intlau; 
(,  fwr«lhin-cMI  Willi  hiMTirbnl  »urli;< :  •>.  »[uinil«  ■^n-Ilon-^rh  tr.>m  Mil'  .lulrDor  MTt  -t  ilw  >llk- 


Histolofjicallv  the  silk-glanda  are  composed  of  tliiee  layers.  —  the 
outer,  or  liiniva  propria  (,Fig  ^37)  ;  the  inner,  tbe  tunica  ititiina;  the 


middle  layer  being  composed  of  extraordinarily  large  epithelial  cells 
which  can  be  seen  with  the  naked  eye,  and  are  also  remarkable  for 
the  branched  shape  of  the  nuclei  {«,  b,  i;  .'537),  the  branches  being 
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more  or  less  lobed,  and  the  larger  the  cells  the  more  numerous  ai-e  the 
branches  of  the  iiiicleiis.     Gilson'  finds  that  those  of  Trichoptei'a, 
Le])idoptera,    Diptera,    and    Hymenoptera    ordinatily  consist   of   a 
small  number  of    cells ;    and  it  is 
quite  common,  he  says,  to  find  only 
two  cells  in  a  transverse  section 
(Fig.  338,  .1).     In  the  Tenthredi- 
nidte,  however,  "  the  organ  still  con- 
sists of  a  tube,  the  wall  of  which  is 
composed  of  flat  cells,  but  in  aildi- 
tion  to  that,  two  series  of  spheroidal 
cells  are  attachetl  to  the  sides.   lilach 

of  these  cells  contains  a  system  of  nintidnV  piprisLu-cit.— AncrK'^Aiiu'l^fiMiii 
tiny  canals  nnming  through  their 

cytoplasm  (B.  i.  tl).  These  cells  are  the  secreting  elements;  they 
continually  cast  the  silk  substance  into  the  tube."  A  [jeculiarity 
of  the  ttmiva  inliMa  is  its  distinct  transverse  striation. 

The  lining  of  the 
glands  and  of  their  com- 
mon duct  is  moulted 
when  the  caterpillar 
cast!)  its  skin,  and  this, 
as  well  as  the  mode  of 
development,  shows  that 
the  glands  are  invagina- 
tions of  the  ectoderm. 
Gilson  finds  that  the 
silk -glands  and  silk- 
apparatus  of  Trichoptei-a 
are  very  similar  to  those 
of  caterpillars,  and  that 
the  siik  is  formed  in  the 
same  way. 

Appendages  of  the  silk- 
gland  (Filippi's  glands). 
n™.  w.-™pia-«  rturf»('-2.''-^t.i«i  «iid  wan  f^    — In  ^ost  larvie  there 

■bow;  r.  r.  It" Inbiilri :  rf.  I(k  eii'rdiir}'  rmiiit:  K.  Bl1k.duct: 

/■,  rnmmnnMnjI:  ft  uinwr.plnnliwniiiwle;*.  hirer  mu..      Jg    either  a    single    Or    a 

pair  of  secondary  glands 
which  open  into  the  spinning  glands  near  their  anterior  end.  They 
are  outgrowths  of  the  gland  provided  with  peculiarly  modified  excre- 
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tory  cells  or  e  vagi  nations  of  the  entire  glandular  epithelium.  Those 
of  Bombyx  mori  (Fig.  340)  are  veiy  well  developed,  and,  according  to 
Blanc,  form  two  whitish,  lobulated  masses  in  the  labium  on  each  side 
of  the  common  duct  of  the  spinning  gland.  Externally  they  appear 
to  be  acinose;  but  their  structure,  as  described  by  Blanc  and  by 
Gilson,  is  very  peculiar.  Helm  thinks,  with  Cornalia,  that  the 
function  of  these  glands  is  to  secrete  the  adhesive  fluid  which 
unites  the  silk  threads,  and  also  to  make  the  silk  more  adhesive  in 
the  process  of  spinning,  but  Blanc  states  that  this  is  done  before  the 
thread  passes  into  the  common  excretory  tubes,  and  he  is  inclined 
to  think  that  the  secretion  serves  to  lubricate  the  spinneret,  and 
thus  to  facilitate  the  passage  of  the  thread.  On  the  other  hand,  in 
certain  caterpillars  these  glands  are  situated  quite  far  from  the 
spinning  apparatus. 

The  silk-giands  in  the  pupa  state  undergo  a  process  of  degeneration,  and 
finally  completely  disappear.  They  are  specific  larval  organs  evolved  in  adapta- 
tion to  the  necessity  of  the  insect^s  being  protected  during  its  pupal  life  by  a 
cocoon.     (Helm.) 

Morphologically  the  silk-glands  are  by  Lang  regarded  as  modified  coxal  glands, 
and  homologues  of  the  setiparous  parapodial  glands  of  ch»topod  worms,  the 
coxal  glands  of  Peripatus,  and  the  spinning  glands  of  spiders. 

In  Scolopendrella,  spinning  glands  are  situated  in  the  two  last  segments  of 
the  body,  opening  out  at  the  end  of  the  cercopods  (Fig.  15,  s.gl)^  and  the  larvse 
of  the  true  Neuroptera  (Chrysopa,  Myrmeleon,  etc.)  which  spin  cocoons,  have 
spinning  glands  opening  into  the  rectum.  The  silk  forming  the  cocoon  of  the 
ant-lion,  as  Siebold  and  the  older  observers  have  stated,  is  secreted  by  the  walls 
of  the  rectal  or  anal  sac.  Siebold  (Anatomy  of  the  Invertebrates,  p.  446)  states 
that  in  the  larva  of  Myrmeleon,  the  silk-apparatus  is  very  remarkable,  ^*for  the 
rectum  itself  is  changed  into  a  large  sac  and  secretes  this  substance  whicli  escapes 
through  an  articulated  spinneret  projecting  from  the  opening  of  the  anus**^ 
(Fig.  307,  e).  The  larvae  of  the  Mycetophilida;  have  spinning  glands  at  the  hinder 
^nd  of  the  body,  as  also  the  imago  of  the  female  of  the  tiueid  moth  Euplocamus. 
(Kennel.)  The  larvae  of  ichneumons,  wasps,  bees,  of  Cecidomyia,  and  other 
Diptera,  spin  silken  cocoons,  but  their  glands  have  not  yet  been  examined. 

It  should  also  be  observed  that  during  the  process  of  pupation  the  larvae  of 
butterflies,  of  certain  files  (Syrphus),  and  beetles  (Coccinellidse  and  some  Chry- 
somelidee)  attach  themselves  by  silk  spun  from  the  anus,  so  that  the  pupa  is  sus- 
pended by  its  tail ;  such  glands  are  probably  homogenetic  with  the  coxal  glands. 

The  silk  in  its  fluid  or  soft  state  is  mucilaginous,  and  according  to  Mulder,  in 
the  silkworm  consists  of  the  following  substances,  varying  somewhat  in  their 
relative  proportions  by  weight : 

Silk-fibre  material 53.67 

Glue  (Leim) 20.G(J 

Protoplasm 24.43 

Wax 1.39 

Coloring  matter 0.05 

Fat  and  resin 0. 10 

1  See  also  Giard,  Bull.  See.  Ent.  France,  p.  viii,  1894. 


CjECAL  appendages  347 


LITERATURE  ON  THE  SPINNING  GLANDS 

Helm,  £.     Anatomische  und  histiologische  Darstellung  der  Spinndrtisen  der 

Schmetterlingsranpen.     (Zeitschr.  f.  wissens.  Zool.,  xxvi,  1876,  pp.  iM- 

469,  2  Taf.) 
Lidth  de  Jeude,  Th.  W.  van.     Zur  Aiiatomie  und  Physiologie  der  Spinndrttsen 

der  Seidenraupe.     (Zool.  Anzeiger,  1878,  pp.  100-102.) 
Engelmann,  W.     Zur  Auatomie  und  Physiologie  der  Spinndrilsen  der  Seiden- 
raupe.    (Onderz.  Phys.  Lab.  Utrecht,  iii,  1880,  pp.  115-119.) 
Joseph,   G.    Vorlaufige  Mitteilung   uber  Innervation  und   Entwickelung  der 

Spinnorgane  bei  Insekten.     (Zool.  Anzeiger,  1880,  pp.  326-328.) 
Poletajew,  N.     Ueber  die  Spinndrilsen  der  Blattwespen.     (Zool.  Anzeiger, 

1885,  pp.  22-23.) 
Meinert,  Fr.     Contribution    k   Panatomie  des  fourmilions.     (Overs.   Danske 

Vidensk.  Selsk.  Forh.  Kjobenhavn,  1889,  pp.  43-66,  2  Pis.) 
Blanc,  Louis.     &tude  sur  la  sdcr^tion  de  la  sole  et  la  structure  du  brin  et  de  la 

have  dans  le  Bomhyx  mart     Lyon,  1889,  pp.  48,  4  Pis. 
La  t§te  du  Bomhyx  mori  k  P^tat  larvaire.     Anatomie  et  physiologie. 

(Extrait  du  volume  des  Travaux  du   Laboratoire  d'fetudes  de  la  Sole. 

Annies  1889-1890,  Lyon,  1891,  pp.  180,  96  figs.) 
Gilson,  G.     Kecherches  sur  les  cellules  s^cr^tantes.     La  sole  et  les  appareils 

s^ricigenes:     I.    L6pidopt6res.     (La  Cellule,  1890,  vi,  pp.  115-182,  3  Pis. 

I,  L^pidopt^res  (suite) ;    II,    Trichopt^res.      Ibid.,   x,   pp.    71-93,    1893, 
.  1  PI.) 
Garman,  H.    Silk-spinning  dipterous  larvae  (Science,  xx,  1893,  p.  215). 
Also  the  writings  of  Meckel,  Pictet,  Dum^ril,  Klap^lek,  Wistinghausen,  Loew, 

Hagen,  Fritz  Muller,  Kolbe,  McLachlan,  de  Selys-Longchamps. 


c.   The  csecal  appendages. 

These  diverticula  of  the  mid-intestine  ("  stomach ")  are  appended 
to  the  anterior  end,  and  in  the  living,  transparent  larva  of  Sciara, 
which  has  two  large,  long,  slender  coeca  (Fig.  341),  the  partly  digested 
food  may  be  seen  oscillating  back  and  forth  from  the  anterior  end 
of  the  stomach  into  and  out  of  the  base  of  each  caecum.  In  the  Locus- 
tidae  ( Anabrus,  Fig.  299)  and  Gryllidse  (Fig.  344,  e)  there  are  two  large, 
short  caeca,  and  in  the  locusts  (Caloptenus)  there  are  six  caeca,  while 
cockroaches  have  eight.  In  the  Coleoptera  (Carabidae  and  Dyticidae) 
these  large  caeca  appear  to  be  replaced  by  very  numerous  slender, 
minute  villi  or  tubules,  which  arise  from  the  anterior  part  of  the 
stomach  (Figs.  317,  r,  also  342). 

These  caeca  differ  in  structure  from  the  stomach,  as  shown  by 
Graber,  as  well  as  by  Plateau  and  by  Minot.  The  latter  states  that 
a  single  transverse  section  of  one  of  the  diverticula  of  the  locust 
demonstrates  at  once  that  its  structure  is  entirely  different  from 
that  of  the  stomach. 
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1(8  inner  surface  is  thrown  up  into  longitudinal  folds,  generally  twelve  in 
numl^r.  These  folds  shine  through  the  outer  walls,  and  are  accordingly  indi- 
cated in  the  drawings  of  Uiifour,  (jraber,  and  others.  The 
entire  cscum  has  an  external  muscular  envelope,  outside  of 
which  are  a  few  isolated  longitudinal  muscular  bands.  The 
folds  within  are  formed  mainly  by  the  high  cylindrical  epithe- 
lium which  lines  the  whole  interior  of  the  cavity.  Trachee 
ramify  throughout  all  the  layers  outside  the  epithelium. 
There  are  appearances  of  glandular  follicles  in  Uie  bottom 
of  the  spaces  between  the  folils.     (Minotl) 

Burmeister  suppoaed  that  these  cjeca  were  anal- 
ogous to  the  pancreas,  and  this  view  has  been 
confirmed  by  Hoppe  Seyler,  Kiukenberg,  Plateau, 
and  others,  who  claim  that  the  digestive  properties 
of  the  fluid  secreted  in  them  agrees  with  the  pau- 
creatio  fluid  of  vertebrates. 


d.  Tbe  •xoretoiy  BTBtcm  (urinary  or  Malplcblui 
tubea} 

The  excretory  matters  or  waste  prodticts  of  the 
blood  tissue  of  worms  are  carried  out  of  the  body 
by  segmentally  arranged  tubes  called  vepkriilia. 
As  a  rule  they  arise  in  tlie  blood  sinuses  of  the  body 
—  i.amar  and  open  externally  through  minute  openings  in  the 
\i.  urtnSry  skin.  As  there  is  a  pair  to  each  segnient  (in  certain 
'(w»,''ciBj  oligochete  worms  two  or  three  pairs  to  a  segment), 
''''""  '^' ''■'*'  '■  they  are  often  called  segmental  organs.  In  the 
annulate  worms  each  segment  of  the  body,  even  the  cephalic  or  oral 
segment,  originally  contains  a  pair  of  these  excretory  organs.    These 


THE    URINARY  TUBES  340 

vessels  may  have  survived  in  myriopods  and  perhaps  do  exist  in 
insects  as  urinary  tubes,  and  also  occur  in  many  of  the  Arachnida, 
and  thus  are  characteristic  of  each  important  class  of  hind  arthro- 
pods, but  are  either  wanting  or  are  very  rudimentary  or  much  modi- 
fied in  the  marine  classes,  notably  the  Crustacea  and  Merostomata 
(Limulua),  where  they  are  represented  by  the 
shell-glands  of  Copepoda,  green  glands  of  the 
lobster,  and  the  brick-red  glands  of  Limulus.  ^ 

In  the  earliest  tracheate  arthropod,  I'eripatus, 
these  tubes  are  well  developed  and  are  highly 
characteristic,  each  segment  behind  the  head 
bearing  a  pair  (Fig.  4,  sOfSOf).     It  has  been  sug-  , 

gested  by  some,  but  not  yet  proved,  that  the 
urinary  tubes  of  insects  are  morphologically  the 
same  as  the  segmental  organs  of  worms  and  of 
Peripatus ;  but  there  are  no  facts  directly  sup- 
porting this  view,  and,  as  Sogratf  states,  it  is  a 
pure  hypothesis  and  can  only  be  confirmed  or 
disproved  by  very  detailed  researches  on  the 
development  of  the  urinary  tubes  of  myriopods 
and  of  insects.  Others  regard  them  as  probably 
homologous  with  the  trachete,  since  they  have  a 
similar  origin.  As,  however,  they  arise  in  the 
embryo  as  outgrowths  of  the  proctodEeum  they 
may  have  arisen  in  myriopods  and  insects  inde- 
pendently, and  not  be  vermian  heirlooms. 

While    in  worms  and  in  Peripatus  a  pair  of 
these  segmental  orgf'ut  occur  in  each  segment,  in 
insects  this  serial  arrangement  is  not  apparent;        >-      gu  _  in„ 
those  with  a  purely  excretory  function  are  not  c»n»i  ai  Pti-ia  muxim,,.- 
segmentally    arranged,    with     outlets    opening  a.\\i\  -.  up.  'eouin'ion  eurt 
externally,  but  arise  as  outgrowths  of  the  hind-  o.  (MnpiuiKus ;''^,'  •."tu\\- 
intestine   or   proctodeeum    of    the   embryo,    not  in«nuii)':ii'.  wciurihvit- 
being  segmentally  arranged.     The  place  of  their  ^"^"utMaetimenl:  v.p. 
origin  is  usually  the  dividing  line  between  the  "/■,™n»i"orifl<^! -'^Anir 
mid  and  hind  intestine   (Fig.   343,  mji);   this   ''"i«>f, <«"" 8b«rp. 
applies  to  Scolopendrella  (Fig.  15,  urt)  as  well  as  to  insects. 

The  urinary  tubes  are  usually  long,  slender,  blind,  tubular  glands 
varying  in  number  from  two  to  over  a  hundred,  which  generally 
arise  at  the  constriction  between  the  mid  and  hind  intestine,  and 
which  lie  loosely  in  the  cavity  of  the  body,  often  extending  towards 
the  head,  and  then  ending  near  the  rectum  (Figs.  301,  310,  vm). 
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They  were  first  discovered  by  the  Italian  anatomist  Malpighi,  after 
whom  they  were  called  the  Malpighian  tubes.  While  at  first 
generally  regarded  as  "biliary"  tubes,  they  are  now  uniTersally 
considered  to  be  exclusively  excretory  organs,  corresponding  to  the 
kidneys  of  the  higher  animals. 

Usually  arising  from  the  anterior  end  of  the  hind-intestine  where 
it  passes  into  the  mid-intestine,  in  certain  forms  they  shift  their 
position,  in  some  Hemiptera 
(Lygaius,  Ciiuex)  opening  into 
the  rectum,  while  in  the 
PsylUdse  they  arise  from  the 
slender  hinder  i>art  of  the  mid- 
intestine,  lieing  widely  sepa- 
rated at  their  origin.  (Fig. 
321.) 

The  length  varies  in  differ- 
ent groups;  where  they  are 
tew  in  number  (two  to  four, 
six  to  eight),  they  are  very 
long,  but  where  very  numerous 
they  are  often  short,  forming 
dense  tufts,  each  tuft  con- 
necting with  the  intestine  by 
a  common  duct  (ureter),  or, 
as  in  the  mole-cricket,  the 
nuuierous  tubes  empty  iuto  a 
single  .duct  (Fig.  344) ;  in  the 
locusts  i:ii.crydiidaE),  however, 
they  are  arranged  in  10  groups, 
each  group  consisting  of  about 
15  tubes,  making  about  150  in 
Fiii  W4.— Diwsiiyecsiiii  •ndi^pemiMesnf^rt*  all;  and  are  much  convoliitfid 
t«i«; '.  i«8r«i  jwuch;'c/  stomiin-puirie  n«rvr.»:  and  wound  irregularly  around 
of  ■tomacii ;  k.  [JImm pui otZauf :  i.  nrtum ;  *.  the  digestive  Canal,  and  when 

«n»l  KUDd ;  m,  urtairy  tubei.  —  After  Dufuur,  fropi 

sbirp.  stretched  out  being  about  as 

long  as  the  entire  body. 
The  urinary  tubes  occur  in  twos,  or  in  multiples  of  two,  though  a 
remarkable  exception  is  presented  in  the  dipterous  genera  Culex  and 
Psychodes,  in  which  there  are  five  tubes;  the  young  and  fully 
grown  larvae,  as  well  as  the  pupa  and  imago  of  Culex,  having  this 
number  (Fig.  433,  mg.) 
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In  jiMnj  iiuecU  (Pentatoma,  Ciniei,  Velia. 
of  len  in  caterpillars) ,  the  vessels  open  Into  a  aoi 
with  the  intestine  on  one  side. 

In  the  lame  of  some  insects  the  blind  ends  of  the  tubea  are  often  externally 

bound  to  the  recttun,  in  the  silkworms  being  attached  b;  Qne  threads  to  the 

,  Intestine,  while  in  some  fliee  (Tipula  and  Cten- 

ophora),  two  vessels  may  unite  lo  form  a  loop. 

In  all  larval  CecidomyiK,  the  two  tubes  are  united 

to  form  a  loop  which  curves  baciiwHrd,  opening 

near  tlie  vent,  the  proctodieum  being  very  short. 

(Giard.) 

,        While  usually  the  urinary  vessels  form  simple 

f  tubes,  in  many  species  of  Lepidoptera  and  Dip- 

wit^'MlnETir?""'!!?*!^^""*.  ^^  *^^y  '■^^  branched,  ■  IbuB  resembling  those 

.... „      .-■__i_,..-...__  p£  spiders  and  scorpiona.     Moreover,  in  many 

I-epldoptera  and  nipt«ra  (Fig,  308),  the  lubes 
are  not  simple,  but  are  lobulated,  and  in  some  Hemiptera  (Pentatoma,  Xoto 
necla,  and  Tetligonia)  are  twisted  or  lacelike.  In  rare  cases  there  are  two  kinds 
of  urinary  tubes  ;  in  Me.loloittha  vulgaria,  two  of  them  are  partly  lobulated  and 
yellow,  while  the  other  two  are  simple  and  whiw.  Their  color  in  beetles  varies, 
some  being  whitish  or  yellowish  ;  In  Geolrupes,  Dyticidte,  Hydrophilidffi,  etc., 
reddish  brown ;  In  Gryllotalpa  as  well  as  Loeutta  elridiwimn,  there  are  two 
different  kinds  of  vessels,  differing  in  contents  and  in 
color  (white  or  yellow),  as  well  as  histologically. 
(Schlndler.)  ' 

The  exterior  of  the  tubes  is  richly  provided  with 
trachefe,  which  often  form  a  web  around  them,  and 
the  fine  branches  often  seem  to  attach  them  U)  the 
intestine.  In  Acheta  they  are  enveloped  by  a  very  deli- 
cate, loose  network  of  muscular  fibres.  (Schindler.) 
The  urinary  tubes  consist,  according  to  Schindler, 
of  at  least  three  cellular  layers  (Fig.  346) :  — 

1.  An  external,  connective,  nucleated  membrane, 
the  peritoneal  membrane. 

2.  A  very  delicate  homogeneous  basal  membrane, 
the  liinka  propria. 

3.  A  single  layerof  lai^e  polygonal  exeretorj-  cells. 

4.  Lining  the  internal  canal  a  cbitinous  layer  pene- 
trated by  pore-canals,  ttie  intima  often  wanting. 

The  secretory  cells  are  usually  of  the  same  size, 
but  in  many  cases  are  relatively  small ;   sometimes 
four  to  six  or  more  form  the  periphery  of  the  canal, 
sometimes  three  or  only  two.      In  some  insects  the 
ceils  are  so  very  lat^e  that  a  single  cell  forms  the       j*^""  ?^~ 
entire    periphery.      The   nuclei   in   the   Lepidoptera      vomu!)rin;  ii 
(Papilio,  I'ontia,  Cobsus)  are  large  and  irregularly     Ij""'"^*'  ""*'""■  ~^''"' 
branched. 

The  excretions  of  the  Malpighian  vessels,  derived  from  the  blood  and  from 
the  fat-body,  are  more  or  less  fluid  and  granular,  sometimes  pulpy.  From  the 
cells  they  pass  into  the  canal,  thence  into  the  intestine,  and  thence  out  of  the 
body.  How,  says  Kolbe,  the  secretion  passes  into  the  intestine,  whether  by  the 
contraction  of  the  fine  fibrills  of  the  peritoneal  membrane,  or  by  the  external 
pressure  of  the  oUier  organs,  or  by  the  pressure  of  the  secretory  matter  behind, 
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is  not  yet  known.  Grandis  observed  in  living  Hydrophilus  that  the  urinary  tubes 
moved,  without  the  muscles  seeming  to  show  what  caused  the  motion.  Moreover, 
the  cells  incessantly  changed  their  form.  At  a  lower  temperature  such  motions 
ceased.    The  tracheae,  ending  freely  in  the  cells,  did  not  anastomose.    (Kolbe.) 

The  different  colors  of  the  tubes  (white,  yellow,  red,  brown,  or  green)  is  due 
to  the  hue  of  the  excretions,  and  is  independent  of  the  color  of  the  blood  and  of 
the  urinary  substances  held  in  the  secreted  matter. 

Schindler  found  that  insects  of  different  stages,  collected  in  winter,  differed 
very  much  in  their  urinary  secretions,  the  tubes  in  the  adults  being  entirely 
empty,  while  in  the  larvae  they  were  filled  full,  so  that  he  concluded  that  in  tlie 
former  the  process  of  excretion  during  the  winter  hibernation  is  very  slow,  but 
in  the  latter  very  rapid. 

As  to  the  activity  of  the  urinary  vessels  the  following  experiments  will  throw- 
some  light.  Tursini  fecj  a  Pimelia  with  fuchsin  ;  its  urinary  tubes  were  conse- 
quently colored  red.  Schindler  fed  insects  with  indigo-carmine,  which  was 
excreted  by  the  urinary  tubes  ;  Kowalevsky  arrived  at  the  same  results,  which 
seems  to  prove  that  these  vessels  are  analogous  to  the  kidneys  of  vertebrates. 
Moreover,  Schindler  injected  through  the  side  of  the  first  abdominal  segment  into 
the  cavity  of  the  body  of  a  Gryllotalpa  a  concentrated  solution  of  sodiuui  salt  of 
indigo tin-disulphonic  acid.  After  one  or  two  hours  the  external  portion  of  the 
epithelium  of  the  urinary  vessels  was  stained  deep  blue,  while  the  inner  poition 
remained  of  the  normal  transparency  ;  the  nuclei  being  for  the  most  part  deeply 
stained.  Between  one  and  two  days  after,  the  staining  matter  had  not  yet 
wholly  passed  through  the  central  canal,  the  sui'face  recently  stained  still  api^ear- 
ing  light  blue. 

The  solid  contents  of  the  urinary  tubes  consist  partly  of  crystals, 
which  occur  singly  in  the  epithelial  cells,  or  form  scattered  masses 
when  situated  in  the  central  canal.  Besides  tabular  rhombic  crvs- 
tals,  there  occur  concretions  which  contain  uric  acid,  and  probably 
consist  of  urate  of  soda,  also  octahedral  crystals  of  chloride  of  soda, 
and  quadro-pyramidal  crystals  of  oxalate  of  lime.  Also  acicular 
prisms  occur;  besides  chloride  of  soda,  phosphates,  carbonate  of 
lime,  oxalate  of  lime  in  quantity,  leucine,  coloring  matters,  etc. ; 
while  the  fluid  secretion  also  contains  urea  (?),  uric  acid,  and  abun- 
dant urates ;  uric  acid  crystals  were  precipitated  by  the  addition  of 
acetic  acid,  and  by  adding  hydrochloric  acid  crystals  belonging  to 
the  dimetric  system  were  formed.  The  often  numerous  spheroidal 
small  granules  are  biurate  of  soda  and  biurate  of  ammonia.  Pale. 
concentrically  banded  concretions  are  leucine  pellets. 

According  to  Kolliker  the  contents  of  the  urinary  vessels  ^  in  general  are : 
(1)  round  granules  of  urate  of  soda  and  urate  of  ammonia  ;  (2)  oxalate  of  lime  ; 

^  "The  contents  of  the  Malplghian  tubules  may  be  examined  by  crushing  the  part 
in  a  drop  of  dilute  acetic  acid,  or  in  dilute  sulphuric  aiid  (10  per  cent).  In  the  first 
case  a  cover-slip  is  placed  on  the  fluid,  and  the  cr>'stals,  which  consist  of  oblique 
rhombohedrons  or  derived  forms,  are  usually  at  once  apparent.  If  sulphuric  acid  is 
used,  the  fluid  must  be  allowed  to  eva(X)rate.  In  this  case  they  are  much  more  elon- 
gated, and  usually  clustered.  The  murexide  reaction  does  not  give  satisfactory'  indi- 
cations with  the  tubules  of  the  cockroach."  (Miall  and  Denny,  The  cockroach,  p.  129, 
footnote.) 
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and  (3)  pale  transparent  concretions  of  leucine.  Crystals  of  laurin  are  aUo  said 
to  occur.     (Claua'  ZoOlogy,  P-  531.) 

Attliough  uric  acid  is  characteristic  of  the  urinary  tubes,  yet  sometimes  it  is 
wanting  in  theui,  while  uric  acid  substances  in  quantity  occur  in  the  fat-body  or 
in  tlie  mid- intestine. 

In  the  living  insect  the  urinary  tubes  remove  urates  from  the  blood  ;  "  the 
salts  are  condensed  and  crystallized  in  the  epithelial  cells,  by  whose  dehiscence 
they  pass  into  the  central  canals  of  the  tubules  and  thence  into  the  intestine." 
(Miall  and  Denny.) 

The  process  of  excretion  is  carried  on  not  only  by  the  urinary  tubes,  but  also, 
as  Cufinot  has  recently  shown  (18W))  in  Orlhoptera,  by  the  pericardial  cells  and 
certain  cells  of  the  fat-bodies.  In  the  lant- named  cells  urates  are  stored  through- 
out life ;  Uie  pericardial  cells  apparently  secrete  but  do  not  store  waste  products, 
which  are  finally  eliminated  by  the  urinary  tubes,  the  latter  constantly  eliminal' 
ing  waste. 

Primitive  number  of  tubes.  —  Wheeler  considers  the  primitive  number  of 
urinary  tubules  to  be  six,  other  authors  regarding  two  pairs  as  the  primary  or 
typical  number ;  and  while  Wheeler  agrees  that  the  more  ancestral  tracheate 
arthropods  had  but  a  single  pair,  Cholodkowsky  supposes  tlie  primitive  number 
in  insects  themselves  to  be  a  single  pair.  This  view  is  strengthened  by  the  fact 
that  Scolopendrella  has  but  a  single  pair  (Fig.  IG). 

While  Perlpatus  has  no  urinary  tubes,  in  Myriopods  a  single  pair  arises,  as  in 
insects,  from  the  hind-intestine. 

When  in  insects  the  number  of  these  tubes  is  few,  they  are,  with  rare  excep- 
tions, arranged  in  pairs,  so  that  Gegenbaur  and  others  have  considered  this 
paired  arrangement  as  the  primitive  one.  Wlien 
tlie  tubules  are  very  numerous  in  the  adult,  as  in 
Ortlmptera,  tlie  embryos  and  larvie  have  a  much 
anialler  tminher,  Wheeler  staling  that  "  in  no 
Insect  embryo  have  more  than  three  pairs  of  these 
vessels  iK'en  found."  We  have  observed  10 
primary  tubes  in  the  embryo  of  MeUnopus  (Fig. 
347),  from  each  of  which  afterwards  arise  16 
secondary  tubules.  In  the  Termites,  only,  do  the 
young  forms  liave  more  urinary  tubes  than  tlie 

In  Campodea  there  are  about  IB  urinary  tubes 
and  in  Machilis  either  12  (Grassi)  or  20  (Oude- 
nians) ;  but  in  other  Tliysanura  the  number  is 

much  less,  I^pisma  having  eitlier  four,  six,  or  Fin.  847. —  >!<■« ion  of  nrocio- 
eight,  according  to  different  autliors,  and  both  orijji'?  "f  Hrtnirj'  "iiX-V ' inr."!*; 
JJicolelia  and  Lepismina  having  six,  opening  sepa-  '/<,  *jiiilifli»l  or  Ktamioiiir  jByw; 
mtely  into  the  hiiid-int^'stine.  On  the  other  hand,  u.'^uon  o'r"«"ubt."""*"  '*'' 
these  organs   have    not   yet   been    detected    in 

•Tapyx.  Whether  they  exist  at  all  in  the  CoUembola,  which  are  degenerate 
ft.rms,  is  doubtful.  The  weight  of  opinion  denies  their  existence,  though  they 
may  yet  be  found  existing  in  a  vestigial  condition.  They  are  said  by  Tullberg 
and  by  Sominer  to  exist  in  Podura,  but  are  of  peculiar  shape. 

Coming  now  to  tlie  winged  insects,  in  what  on  the  whole  is  perhaps  tlie  low- 
est or  most  generalized  order,  the  Dermaptera,  the  number  is  over  30,  and  tlieir 
insertions  regularly  encircle  the  intestine.  (Schindler.)  In  the  most  ancient 
and  generalized  family  of  Orthoptera,  the  B1attid)e,tScliindler  detected  from 
(10  to  70  tubes,  but  in  a  nymph  of  I'eripiaiiela  not  quite  10  mm.  in  length  he 
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found  from  16  to  18,  and  in  nymphs  4  to  6  mm.  long  there  were  only  eight  vessels ; 
while  Wheeler  has  found  in  the  embryo  of  PhyUodromia  gemianica  but  four 
tubes.  In  the  adult  Acrydiidse  there  are  as  many  as  150,  in  the  Locustidn 
between  40  and  50,  and  in  the  Gryllidae  about  100. 

The  Ephemeridse  with  about  40,  the  Odonata  with  50  to  60  tubules,  the  Per- 
lidse  with  from  50  to  60,  are  polynephrious ;  while  the  Termitidie  and  Psocidae 
are  oUgonephrious,  the  former  having  from  six  to  eight  and  the  Psocide  only 
four  tubes.  So  also  all  the  other  orders  not  mentioned,  except  the  Hymenoptera, 
have  few  of  these  tubes.  The  Hemiptera,  with  none  in  Aphidie,  a  single  pair 
in  the  Coccidse,  and  two  in  all  the  rest  of  the  order,  have  the  fewest  number. 

In  the  Neuroptera  there  are  from  six  to  eight,  while  in  a  larva,  possibly  that 
of  Chauliodes,  Wheeler  finds  the  exceptional  number  of  seven. 

The  closely  allied  order  Mecoptera  (Panorpidae),  and  also  the  Trichoptera, 
agree  with  the  Neuroptera  (Sialis)  in  having  six.  According  to  Cholodkowsky 
all  Lepidoptera  have  six  of  these  vessels,  except  Galleria,  w^hich  has  but  four. 
He  finds  that  in  Tinea  bisellieUa  (also  T.  pellionella  and  Blabophanes  rusticella) 
the  larva  has  six  vessels,  which,  however,  undergo  histolysis  during  pupation, 
a  single  pair  arising  in  their  stead.  On  this  account  he  regards  the  primitive 
number  of  urinary  tubes  as  two,  or  a  single  pair,  this  return  from  six  vessels  In 
the  larva  to  two  in  the  imago  being  considered  a  case  of  atavism. 

In  the  Coleoptera,  the  number  of  urinary  tubes  is  from  four  to  six  ;  in  what 
few  embryo  beetles  have  been  examined  (I)oryphora,  Melolontha),  there  are  six 
vessels,  but  in  the  embryo  of  Dyticus  fasciventris^  Wheeler  has  detected  only 
four,  this  number  being  retained  in  the  adult.  Ue  thinks  that  in  beetles  in 
general,  a  pair  of  vessels  must  be  ''suppressed  during  postembryonic  develop- 
ment, presumably  in  early  larval  life." 

In  Diptera  and  Siphonaptera,  the  number  four  is  very  constant,  there  being, 
however,  a  fifth  one  in  Culex  and  Psychoda  (Fig.  400.) 

The  number  of  these  vessels  is  very  inconstant  in  the  Hymenoptera,  varying 
from  six  (Tomognathus,  an  ant,  worker)  to  12  (Mynnica),  and  in  Apis  reach- 
ing the  number  of  150. 

In  the  embryo  of  the  honey-bee  and  wall-bee  (Chalicodoma),  there  are  only 
four  ;  we  still  lack  any  knowledge  of  the  number  in  embryo  saw-flies. 

The  following  is  a  tabular  view  of  insects  with  few  urinary  tubes 
(Oligonephria)  and  many  (Polynephria).  It  will  be  seen  that  the 
number  has  little  relation  to  the  classification  or  phylogeny,  insects 
so  distantly  related  as  the  Orthoptera  and  Hymenoptera  being 
polynephrious :  — 

OJigonephria 


CoUembola,  2  (Podura),  Tullberg  and 

also  Sommer. 
Thysanura,  4  (Lepisma);  in  Campodea, 

16  ;  in  Machilis,  12  or  20  ;  wanting  in 

Japyx. 
Psocidae,  4. 
Termitidae,    6    (many   in    the    young, 

Rathke). 
Mallophaga,  4. 
Physapoda,  4. 


Hemiptera,  2  (Coccidai,  none  in  Aphi- 

ihii),  . 
Neuroptera,    6-8.      (In    Sialidse    and 

Hhaphididae,   6 ;    in    Mynneleonld» 

and  Hemerobidse,  8). 
Trichoptera,  6. 
Mecoptera,  6. 
Lepidoptera,  2-4-6  (2  in  Tinea,  Tineola, 

and    Blabophanes ;    in    IHerophoroB 

and  Yponomeuta,  4). 
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Coleoptera,  4-6 ;  never  more. 
4 


Carabidse, 
Dyticidae, 
Stapl^linidse, 


GyriDidse, 

Palpicornes, 

Lamellicomes, 

6 


Cantharidse, 
Buprestidae 
(in  larva,  6  ;  in  beetle,  4). 


Meloidse, 
Pyrochroidse, 
Bruchidte, 
Bostricidee. 


Cerambycidse, 

Chrysomelidae, 

Coccinellidse. 


Byrrhidae, 
Nitidulidie, 
Dermestidse, 
Cleridse, 

Diptera,  branching  into  4  (Gegenbaur)  ;  in  CulicidsB  and  PSycboda,  5. 
Sipbonaptera,  4. 

Pobjnephria 


Orthoptera,  100-150.  (In  embryo  Blat- 
tids,  4 ;  in  embryo  locust,  10 ;  in 
nymph  of  Gryllotalpa,  4.) 

Dermaptera,  **  over  30"  (Schindler). 

Perlidfe,  50-00. 

riectoptera  (EphemeridaB),  40. 


Odonata,  50-60. 

Hymenoptera,  20-150.  (In  embryo 
bees  only  4  ;  Cynipidae,  Ichneumoni- 
dse,  and  Formicidae  have  the  smallest 
number,  6-12.) 


Here  should  be  mentioned  the  singular  fact  discovered  by  Koulaguine  that  in 
the  larva  of  Microgaster,  the  urinary  tubes  have  no  connection  with  the  intes- 
tine, but  open  dorsally  on  the  outside  of  the  body  on  each  side  of  the  anus. 
Ratzeburg  had  stated  that  the  last  segment  of  the  body  was  in  the  form  of  a 
vesicle.  Koulaguine  now  shows  that  this  vesicle  is  in  reality  the  end  of  the  in- 
testine opening  upwards  ;  as  the  result  of  this  dorsal  opening  of  the  intestine 
the  Malpighian  vessels  open  on  the  sides  of  the  oval  vent,  and  have  no  connec- 
tion with  the  intestinal  canal.  Whether  this  is  of  morphological  import,  or  is 
only  a  secondary  adaptation,  Koulaguine  does  not  state,  his  paper  being  a  pre- 
liminary abstract. 

Wheeler  thus  sums  up  our  present  knowledge  regarding  the  num- 
ber and  homologies  of  the  Malpighian  or  urinary  tubes : 

1.  It  is  very  probable  that  the  so-called  Malpighian  vessels  of  Crustacea  and 
Arachnida  are  not  the  homologues  of  the  vasa  Malpighi  of  the  Eutriicheata  (in- 
sects and  myriopods). 

2.  The  Malpighian  vessels  of  the  Eutracheata  arise  as  paired  diverticula  of 
the  hind-gut  and  are,  therefore,  ectodermal. 

3.  In  no  insect  embryo  are  more  than  six  vessels  known  to  occur ;  although 
frequently  only  four  are  developed. 

4.  The  number  six  occurs  either  during  embryonic  or  post-embryonic  life  in 
members  of  the  following  groups :  Apterygota,  Orthoptera,  Corrodentia  ;  Neu- 
roptera,  Panorpata,  Trichoptera,  Coleoptera,  Lepidoptera,  and  Hymenoptera. 

5.  The  number  four  seems  to  be  typical  for  the  Corrodentia,  Thysanoptera, 
Aphaniptera,  Rhynchota,  Diptera,  and  Hymenoptera. 

6.  The  embryonic  number  ih  Dermaptera,  Ephemeridea,  Plecoptera,  and  Odo- 
nata has  not  been  ascertained,  but  will  probably  be  found  to  be  either  four  or  six. 

7.  There  is  evidence  that  in  at  least  one  case  (Melolontha),  the  tetranephric 
is  ontogenetically  derived  from  the  hexanephric  condition  by  the  suppression  of 
one  pair  of  tubules. 
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8.  It  is  probable  that  the  insects  which  never  develop  more  than  four  MaU 
pighian  vessels  have  lost  a  pair  during  their  phylogeny. 

9.  The  post-embryonic  increase  in  the  number  of  Malpighian  vessels  in  some 
orders  (Orthoptera,  Odonata,  Hymenoptera)  is  secondary  and  has  apparently 
arisen  to  supply  a  demand  for  greater  excreting  surface.^ 
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€.   PoiBon-glands 

Poison-glands  are  mainly  confined  to  the  stinging  Hymenoptera, 
i.e.  certain  ants,  and  the  wasps  and  bees,  but  also  occur  in  the  mos- 
quito, while  many,  if  not  most  bugs,  seem  to  instil  a  drop  of  poison 
into  the  punctured  wounds  they  make. 

In  the  honey  and  other  bees  the  poison  apparatus  consists  of  two 
poison-glands  whose  secretion  passes  by  a  single  more  or  less  con- 
voluted efferential  duct  into  the  large  poison-sac,  and  thence  by 
the  excretory  duct,  which  is  enlarged  at  the  base  of  the  sting  (Figs. 
194,  19/5),  out  through  the  sting  by  the  same  passage  as  the  eggs. 
According  to  Carlet,  the  poison  apparatus  of  bees  consists  of  two 
kinds  of  glandular  organs,  of  which   one   kind   secretes  a  feebly 
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alkaline  fluid,  the  other  an  acid  product.     The  poison  is  only  effec- 
tive when  both  fluids  are  mixed.    The  resultant  venom  is  always 
acid.    The  action  of  this  venom  upon  some  animals,  as  rabbits,  frogs, 
and  certain  beetles,  is  slight ;  but  the  domestic  fly  and  the  flesli-fly 
are  immediately  killed  by  it.     The  inoculation  of  a  fly  with  the 
secretion  of  one  of  the  glands  does  not  produce  death  until  after  a 
considerable  time,  but  death  follows  very  quickly  if  the  same  fly 
is  subjected  to  a  second  inoculation,  this  time  with  the  secretion 
of  the  other  gland.     The  alkaline  ^dands  are  in  bees  and  all  poison- 
ous Hj-menoptera  strongly  developed,  but  become  vestigial  in  those 
forms  which  sting  their  prey  to  serve  as  food  for  their  larvae.     The 
jjoison  which  the  solitary  sand  and 
wood   wa-sps  and   Fonipilidse  inject 
into  their  victims  only  paralyzes  them. 


K.  IlN  BlanduUr  «n<l :  u.  Ih>  rvetrv.ilr  •  .^.-n^^..,  ..««.< 

'-.\tlex  Bnrdu.  '  "'  ■"■«»*"-'  8  ""  p^^  .^^^  _  l\-|ihalU-  irlunJ  of  Bfbst a. 

BordflH  has  found  botli  the  alkaline  gtand  (fiknd  of  Dufour)  and  the  acid 
gland  lu  occur  in  a  hucidred  species  of  Hymenopiera,  iiicludiiii;  not  only  Aculeaia, 
but  also  IchiieumonidK  (Fi(!.  34)^),  Tenthrediiiicl«,  and  ttiej-  may  be  safely  said 
to  be  of  general  occurrence.  Ttie  acid  gluiid  consi.su  of  three  parts,  the  );landular 
portion,  the  reservoir  for  the  poison,  and  the  secretory  canal.  Tlie  alkaline 
gland  is  an  irregular  tube,  with  a  striated  surface  and  without  a  reservoir.  In 
most  Hymenoplera  there  is  still  a  third  gland,  which  is  unpaired,  granular,  rec- 
tangular or  lanceolate,  with  a  short  fllamentoils  duct  which  opens  beside  the 
orifice  of  the  alkaline  glands. 

The  poison  in  ants,  wasps,  and  bees  consists  of  two  substances. 
i.e.  formic  acid  and  a  whitish,  fatty,  bitter  residue  in  the  secretion 
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of  the  glands ;  the  corroding  active  formic  acid  is  the  essential  part 
of  the  poison.     (Will.) 

In  Melipona  the  sting  and  poison-glands  are  aborted;  in  certain 
ants  (Formica,  Lasius,  etc.)  the  sting  is  wanting,  but  the  poison- 
sac  is  extraordinarily  large. 

Bordas  finds  in  various  species  of  Ichneumon  three  kinds  of  glands  opening 
into  the  base  of  the  sting.  The  first  two  correspond  to  the  iicid  (Fig.  34S, 
<f.A)  and  alkaline  ('■  4)  glands  of  bees  and  wasps  (V'espidie,  etc.),  and  tlie 
third  (Jr  dc)  IS  situated  between  the  two  lateral  muscular  bundles  which  aU 
lach  the  base  of  tiie  sling  to  the  last  abdominal  segment.  The  poison. reser- 
voir (Pig  t48,  V)  is  recognized  by  its  yellow  color  and  diaphanous  and  striated 
appearance.  It  is  situated  on  the  left  of  the  hind-intestine,  a  little  in  front 
of  the  rectum.  The  tubular  gland  ( (In)  or  alkaline  gland  of  aculeate  Hymen- 
opCera  is  remarkably  large ;  it  is  situated  on  the  left  side  of  the  body.  Tlie 
accessory  gland  {fi.A)  is  elongated,  triangular,  flat,  its  duct  opening  at  tlie 
base  of  the  alkaline  gland ;  it  is  formed  of  small  spherical  cells.  Hordas  has 
met  with  well-developed  poison-glands  in  forty  species  belonging  to  the  Tere- 
brantia,  including  that  of  Teiitbredo,  Einphytns,  as  well  as  various  genera  of 
Ichneumonidi?,  but  in  all  these  species  the  accessory  gland  was  wanling. 
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Under  the  name  of  cephalic  glands  (Fig.  349),  Locy  describes 
a  pair  of  glands  in  the  head  of  Nepidte.  The  epithelial  or  secreting 
cells  are  8-sided  (Fig.  .'fri(l).  "  When  these  insects  are  irritated,''  he 
says,  "a  secretion  is  freely  thrown  out  around  tlie  base  of  the  beak, 
which  produces  death  very  quickly  when  introduced  on  a  needle 
point  into 'the  body  of  an  insect."  He  infers  that  the  cephalic 
glands  may  be  the  source  of  this  poisonous  secretion.  The  poisonous 
salivary  fluid  of  the  larva  of  Dyticus  is  referred  to  on  p.  324. 

Tliat  the  mosquito  injetits  poison  into  the  wound  it  makes  has 
been  proved  by  Maehiskie,  who  discovering  fine  droplets  of  a  yellow 
oily-looking  fluid  escaping  from  the  end  of  the  hypopharynx,  after- 
wards detected  the  poison-glands.  It  appears  that  the  two  salivary 
glands  are  subdivided,  each  into  three  lobes,  the  middle  of  which 
(Fig.  ;inl,  })g)  differs  from  the  others  in  having  evenly  granulated 
contents  and  staining  more  deeply  than  the  others.  Having  exam- 
ined the  preparations,  we  agree  with  the  discoverer  that  these  lobes 
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secrete  the  poison.     The  poison  is  diluted  by  the  secretion  of  the 
salivary  lobes,  and  the  two  efferent  ducts,  one  from   each  set   of 


Fig.  851.  — /4,  median  section  of  head,  shoxting  {du)  the  venomo-sallrary  duct,  with  its  inser- 
tion in  {hy)  the  hypopharvnx ;  cb,  brain ;  below  is  the  {iharynfreal  pump,  leadinji^  fh>m  (a>)  the 
(esophagus;  /r«,  base  of  labnim-epf pharynx  ;  »i,  muscle;  7t,  commissure  (other  parts  removed). 
B^  the  venomo-salivary  duct,  showing;  its  bifurcation,  and  the  three  frlands  on  one  of  its  branches ; 
pOt  poison  giand  ;  ng^  the  upper  of  the  two  salivary  glands.  L\  the  blAircation  of  the  duct,  with  Its 
nucleated  hypodermis.  — After  Macloskie. 

glands,  "  carry  forward  and  commingle  the  venomo-salivary  products 
in  the  main  duct ;  and  the  stream  is  then  carried  by  the  main  duct 
to  the  reservoir  at  the  base  of  the  hypopharynx." 


/.   Adhesive  or  cement-glands 

Dewitz  has  discovered  in  ants  and  bees,  in  close  connection  with 
the  poison-glands,  and  like  them  discharging  their  secretion  through 
the  sting,  cement-glands.  They  arise  by  budding  at  the  base  of  the 
poison-glands. 

The  two  glands  in  these  Hymenoptera  correspond  to  the  tubular 
glands  of  the  Orthoptera,  which  open  at  the  base  of  the  inner  sheath 
of  the  ovipositor  (Fig.  299,  sb),  so  that  the  secretion  flows  out  through 
it  as  the  poison  of  bees,  etc.,  out  of  the  sting.  The  use  of  the  secre- 
tion of  these  glands  is  either  to  glue  the  eggs  together,  or  to  afforil 
material  for  the  egg-case  of  cockroaches  and  Mantidae  and  the  gummy 
egg-case  of  the  locusts,  etc.  The  contents  of  the  cement-glands  serves 
for  the  fixture  of  the  eggs  after  deposition.  In  the  stinging  Hymen- 
optera one  of  the  cement-glands  is  an  accessory  gland;  the  other 
becomes  the  poison-sac.  The  cement-glands  are  in  the  Hemiptera 
only  short  blind  sacs,  in  the  Lepidoptera  and  Diptera  long  convo- 
luted tubes,  tubular  and  branched  in  the  Coleoptera,  or  richly 
branched  in  the  Ichneumonidse  and  Tenthredinidae.  In  the  ccx^k- 
roach  there  are  two  cement-glands,  but  the  right  one  is  probably 
of  no  functional  importance.     The  left  one  is  filled  with  a  milky 
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substance,  containing  many  crystals  and  a  coagulatile  fluid,  out  of 
which  the  egg-capsule  (o6theca)  ia  formed.  (Miall  and  Denny.) 
In  the  locusts  the  seliific  or  cement-glaud  (Fig.  298,  sb)  secretes  a 
copious  supply  of  a  sticky  fluid,  'Which  is  jKiured  out  as  the  eggs  pass 
out  of  the  oviduct  and  agglutinates  the  e^s  into  a  mass,  forming 
a  thin  coating  around  each  egg,  which  from  the  mutual  pressure 
of  the  eggs  causes  the  tough  coating  to  be  pitted  hexi^ojially.  In 
other  insects  also  (Trichoptera,  Chrysopidse,  Lepidoptera,  etc.)  there 
are  similar  secretions  for  the  protection  or  fastening  of  the  eggs 
when  laid.'  The  Trichoptera  lay  their  eggs  either  in  or  on  the 
surface  of  the  water  in  bunches  or  in  strings  or  in  annular  gelatinous 
masses  on  stones  or  on  plants.  This  jelly-like  substance  is  secreted 
by  two  highly  developed  paired  anal  glands.  (Weltner,  in  Kolbe, 
p.  621.)  Also  in  certain  dragon-flies  (Libelhila,  Di]i]ax,  and  Epi- 
theca)  the  eggs  are  laid  in  jelly-like  masses. 

With  a  similar  secretion,  spun  from  the  end  of  the  abdomen,  the 
Psocidse  cover  their  little  bunches  of  eggs  laid  on  the  under  side  of 
leaves ;  and  the  silk  thread  forming  the  ejEg-sac  of  the  great  water- 
beetle  (Hydrophilus)  is  secreted  from  such  anal  glands. 

g.  Tha  vrax-gland* 
Besides  the  honey-bee,  which  secretes  wax  in  little  scales  on  the 
under  side  of  the  abdomen,  the  bodies  of  many  other  insects,  such 
as  the  plant  and  bark  lice,  as  well  as  the  Psyllidee,  Cii^adida*  (espe- 
cially Plata  and  Lystra),  are  covered  with  a  waxy  powder,  or  as  in 
Chermes,    Schizoneura,    Plata,    etc.,    with  ij  m 

wool-like  filaments  of  wax.  /         \ 
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I  For  the  mode  n(  adhesion  of  Cy n[ps  eggs,  see  Ailler  In  DeuCache  Ent.  Zeits.  ISTT, 
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The  wax  is  secreted  by  minute  unicellular  dermal  glands,  which 
in  the  lower  insects  (Hemiptera)  are  distributed  nearly  all  over  the 
body,  but  in  the  bees  are  restricted  either  to  the  under  (Apis,  Fig.  3o2) 
or  upper  side  (Trigona)  of  the  end  of  the  abdomen. 

The  wax-glands  of  Pemphigus,  Chermes,  etc.,  lie  under  the  little 
warts,  seen  in  Lachnus  stmbi,  the  white-pine  aphis,  to  be  distributed 
in  transverse  lines  across  the  back  and  sides  of  the  abdominal  seg- 
ments (Fig.  353).  These  warts  are  surrounded  by  a  chitinous  ring, 
and  divided  into  delicately  marked  areas.  Through  the  delicate 
numerous  pits  in  the  chitinous  membrane  of  these  areas  the  little 
waxen  threads  project,  since  under  each  area  ends  a  duct  leading 
from  a  large  glandular  cell,  which  is  a  specially  modified  hypodermis 
cell  (Claus).  The  wax  threads  are  hollow,  and  all  those  arising  from 
a  single  glued  cell  form  a  bundle,  whose  threads  separate  from  each 
other  and  form  a  white  woolly  down  or  bloom  covering  the  body. 
Witlaczil  also  shows  that  gall-forming  Aphids  secrete  a  wax-like 
substance,  which,  during  the  movements  of  the  insects  in  the  gall,  is 
rubbed  off,  becoming  a  watery  layer  mixed  with  the  fluid  excrement, 
which  forms  a  spherical  impervious  layer  lining  the  gall,  and  thus 
rendering  possible  the  mode  of  life  of  the  gall-lice. 

In  the  Psyllidte  Witlaczil  has  discovered  wax-glands  which  also 
secrete  slender  waxen  threads.  They  are  situated  in  groups  of  two 
or  three  at  the  end  of  the  abdomen  near  the  anus,  and  arise  from 
hypodermis  cells.  The  wax  threads  surround  the  licpiid  excrement 
as  it  passes  out  of  the  vent,  covering  it  with  a  continuous  layer  of 
wax.  The  excrement  accordingly  is  discharged  very  slowly  and 
gradually,  in  sausage-shaped  masses  slightly  strung  together  and 
rolled  into  close  si)irals.  The  body  becomes  unavoidably  smeared 
with  the  sticky  excrement,  since  it  is  not  entirely  covered  by  the 
waxy  layer.  ^Moreover,  in  the  larvte  of  many  Psyllidae  waxen  threads 
are  formed  on  the  ui)per  side  of  the  abdomen ;  they  are  for  the  most 
part  tightly  curled  or  frizzly,  like  wool,  and  form,  though  partly 
torn,  a  waxen  coat,  chiefly  on  the  side  and  back  of  the  thorax  and 
abdomen.  The  insects  appear  therefore  as  if  covered  with  dust. 
The  mature  animals  of  many  species  are  also  covered  with  a  waxen 
down.  The  wax  threads  rapidly  dissolve  and  disappear  in  alcohol. 
From  a  wax-like  substance  more  or  less  easilv  dissolved  in  alcohol 
arise  peculiar  hair-like  structures  which,  in  the  larvje  of  Ps3'llidte, 
are  situated  on  the  side  and  end  of  the  body  and  also  on  the  rudi- 
ments  of  the  wings.  They  are  readily  distinguished  from  ordinary 
hairs,  as  they  arise  from  glandular  cells,  and  are  of  very  different 
lengths,  more  or  less  like  bristles,  but  hollow,  and  very  brittle. 
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They  are  leaf-like  in  the  first  nymphal  stages  of  Trioza  rhamni,  but 
in  following  stages  become  narrow  and  form  a  row  around  the  entire 
periphery  of  the  body. 

The  waxen  dorsal  shield  which  protects  the  body  of  bark-lice 
(Coccidip)  is  a  similar  product. 

'Witlaczll  has  described  the  way  it  is  formed  in  Agpldiotus  and  Leitcaspia. 
The  freslily  liatclied  nymph  sliowe  no  signs  of  a  waxy  secretion.  But  eventually 
waxen  threads  arise  lirst  on  the  hinder  and  anterior  end  of  ttie  body,  and  ihen 
over  the  whole  surface.    These  threads  interlace  into  a  sort  of  felting  and  tlius 
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form  the  shield,  which  is  usually  much  larger  than  the  body  and  lies  closely 
upon  it.  The  shield  is  formed  after  the  first  moalt.  It  is  noteworthy  that  these 
threads  are  matted  together  to  form  as  thick  a  tissue  as  that  of  the  shield  itself. 
The  sliield  is  whitish  or  gray  and  rather  thin.  On  the  thinnest  part  of  the  ed^e 
the  single  threads  may  be  drawn  out.  The  growth  of  the  shield  advances  with 
the  increase  in  size  of  the  nympli  around  the  entire  edge,  but  is  greatest  behind. 
The  first  two  larval  skins  are  retained  on  tiie  back  under  the  shield.  Also  a 
very  thin  waxen  pellicle  remains  on  the  resting  place  of  the  insect  when  it  is 
raised.  The  wax-glands  open  in  the  pitted  fields,  and  appear  as  clear  brownish 
cells  which  are  distinguished  from  the  ordinary  hypodermis  cells  by  their  gieater 
ei7.e,     (IVItlaczil.     Compare  also  Fig.  354.) 
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The  wax-glands  in  the  honey-bee  are  scale-shaped  organs  situated 
on  the  under  side  of  the  four  last  abdominal  segments  (Fig.  355). 
These  secrete  the  wax,  which  appears  as  whitish  scales,  and  secretion 
is  only  possible  when  the  bees  have  sufficient  honey  and  pollen. 
The  wax  is  secreted  by  the  hypodermal  cells  rather  than  by  glands 
within  the  abdominal  cavity ;  the  wax  traverses  the  cuticular  layer, 
and  accumulates  on  its  outer  surface  (Carlet).  According  to  Fritz 
Muller,  in  the  stingless  bees  (Trigona)  which  he  observed,  the  wax- 


Fro.  8«S0.  —  Wax  diftkA  of  social  bees :  n,  Apiti  tne/h'ftca,  worker ;  &,  do.,  queen  ;  c,  MeUpona, 
worker;  </,  Boinbus,  worker.  —From  Insect  Lue,  U.  S.  Dept.  Agr. 

glands  are  situated  on  the  back  of  the  abdomen,  but  Ihering  states 
that  in  many  species  of  Trigona  and  Melipona  there  are  also  slightly 
developed  wax-organs  on  the  ventral  side. 

It  ha.s  been  found  that  certain  caterpillars  secrete  wax.  Thus  the  cells 
of  the  Tortrix  of  the  fir  {Retinia  resinella)  formed  of  resin  are  lined  with 
wax,  as  on  dissolving  away  the  resin  with  alcohol,  Dr.  Knaggs  found  a  slight 
film  of  wax  ;  also  a  secretion  of  wax  has  been  detected  in  the  larva  of  a  butterfly 
{Parnassins  apollo).  The  bodies  of  certain  saw-fly  larvae  are  covered  with  a 
white  powdery  secretion,  while  the  remarkable  larva  of.  a  Selandria  is  clothed 
with  snow-white,  long,  flocculent,  waxy  masses,  nearly  concealing  the  body 
(Fig.  356). 

h,    ^^ Honey-dew^*  or  waz-glands  of  Aphids 

The  so-called  "  honey-dew  "  of  Aphids  which  oozes  from  two  wart- 
like tubercles  or  tubes  situated  near  the  end  of  the  body,  is  secreted 
by  hypodermal  unicellular  glands  which  open  into  a  modification  of 
a  pore-canal,  the  tube  itself  being  an  outgrowth  of  the  cuticula. 

Witlaczil  states  that  both  in  the  **  honey  "  tubes  and  in  the  body  beneath,  the 
sugary  matter  exists  in  cells  of  the  connective  tissue  in  the  form  of  granules. 
"These  large  ^sugar-celis'  in  contact  with  the  air  undergo  destruction,  while 
the  sugar  crystallizes  into  needles,  and  thus  each  cell  is  transformed  into  a 
radiated  crystalline  mass.** 


DERMAL   GLANDS 


365 


"A  muscle  extends  from  a  horseshoe-shaped  place  (a  valve  ?)  in  the  iniddle  at 
the  flat  terminal  pinte  of  the  honey  tube,  through  this  and  down  through  the 
abdomen  to  the  ventral  surface.  By  this  muscle  the  honey  tube  is  at  times 
erect«d,  and  we  then  And,  as  also  when  we  lightly  press  the  body  of  the  insect, 
lumps  of  crystallized  sugar  wliich  have  been  expressed  through  the  tips  of  tlie 
honey  tubes."     (Zool.  Anzeiger,  18B2,  p.  241.) 

Busgen,  after  careful  research,  denies  that  this  is  a  sugar,  but  claims  as  the 
result  of  chemical  analysis,  that  it  is  mot's  like  wax.    He  observed  that  on  reach- 
ing the  air  the  drops  issuing  from  the  "  nectary  "  or  "  honey  "  tube  stiffened 
almtiBt  instantly  into  a  wax-lihe  mass,  which  was  easily  crushed  between  the 
teeth,  and  had  no  tnste  at  all.    No  sugar-like  substance  or  urea  could  be  detected. 
He  therefore  concludes  that  the  secretion  in  question  should  be  regarded  aa  a 
wax-like  mass,  which  agrc 
Witlaczil's  anatomical  obse 
conArms  the  statements  of 
servers.     Thus,  as  early  as 
stated  that  the  Aphides  exp< 
s  substance  thnii 


Moreover  tlie  shield-li 
often  sought  by  anti 
excrement  of  the  ins 
that  a  sneet  fluid  i! 
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tubes."  Burmeister  states  that  the  tubes  give  out  a  fluid  vrhich  "dries  gum- 
like,  but,  so  far  as  I  have  observed,  has  no  peculiar  taste."  H^aumur,  and  also 
Kaltenbach,  state  that  the  "  honey  "  does  not  issue  from  the  tubes,  but  from  the 
anus.  Lastly,  Forel  emphatically  states  that  "the  two  dorsal  tubes  of  Aphides 
do  not  secrete  a  sweet  fluid,  but  a  gluey  wax,  which  is  not  sought  by  the  ants, 
a  and  many  leaf-lice  have  no  such  tubes,  but  yet  are 
The  drops  of  sugar  which  the  anta  lick  up  are  rather  the 
eta  in  question."  Hence  the  opinion  Ifrst  stated  by  Linn^, 
ecreted  by  Aphides,  inust  be  abandoned. 
<^)n  the  other  hand,  Busgen,  after  careful  observations,  flnds  that  the  use  of 
the  sticky,  waxen  secretion  is  in  reality  a  protective  one,  as  he  observed  that 
when  a  larval  Chrysopa  rudely  attacks  the  Aphides,  they  smear  its  face  with 
the  sticky  wax,  causing  at  least  a  momentary  interruption  in  its  attacks.  He 
also  observed  that  Aphides  when  invaded  by  cncclnellld  larvce  set  Uieir  tubes 
in  motion  and  besmear  their  heads  and  front  part  of  the  body.  He  thus  seems 
to  establish  the  fact  tliat  these  tuljes  secrete  a  protective,  sticky  fluid. 

I.  Dermal  glanda  In  general 
We  have  seen  that  certain  of  the  hypodeniial  cells  may  be  modi- 
fied or  specialized  to  form  secretory  iinicelliiiar  glands.     Such  are 
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those  (trichogens)  which  secrete  chitinous  setae,  hairs,  and  spines, 
certain  set*  in  some  insects  being  hollow  and  containing  a  poison 
(p.  187) ;  others  secrete  wax,  certain  ones  in  Aphids  "  honey-dew  " ;  in 
some  cases  dermal  glands  may  excrete  protective,  sticky,  or  other- 
wise offensive  matters,  or  may  be  depuratory,  or  facilitate  the  process 
of  moulting. 

There  are  other  minute,  unicellular,  or  compound  dermal  glands 
whose  function  is  unknown. 

Dermal  glands  may  be  segmentally  or  serially  arranged.  Thus 
Verson  has  detected  a  series  of  one  or  two  pairs  of  unicellular  glands 
near  the  stigmata  in  each  thoracic,  and  the  first  eight  abdominal 
segments  of  the  silk-worm  (B.  mori).  In  the  earliest  stages  of 
growth  of  the  caterpillar  they  give  out  oxalate  of  lime,  and  in  later 
stages  uric  acid.  They  thus  appear  to  act  interchangeably  with  the 
urinary  tubes,  as  excretory  organs.  They  do  not,  however,  carry 
their  products  directly  outwards,  but  leave  them  between  the  hypo- 
dermis  and  cuticula,  in  order  to  facilitate  the  sloughing  off  of  the 
latter  in  the  process  of  moulting. 

LITERATURE  ON  THE  SECRETORY  GLANDS 

a.   General 

Sirodot,  S.    Recherches  sur  les  86cr6tions  chez  les  Insectes.     (Ann.  sc.  nat., 

4  S6r.,  Zool.,  1858,  x,  pp.  141-189,  251-328,  12  Pis.) 
Gazagnaire,  6.     Des  glandes  chez  les  In.sectes.     (Compt.  rend.  Acad.  Sc.,  Paris, 

1886,  cii,  pp.  1501-1503  ;  Annal.  Soc.  Ent.  France,  1880,  Bull.,  pp.  104-106.) 
Leydig,  F.     Beitrage  zur  Anatomie  und  Histiologie  der  Insekten.     1887. 
Hanow,   Karl.     Ueber    Kerfabsoiiderungen    und    ibre  Benutzung  im  eigenen 

Haushalte.      (Progi-amm   des    Realprogymnasiuins    zu    Delitzsch  fUr  das 

Schuljahr  1889,  xc ;  Delitzsch,  1890,  pp.  3-22.) 
Verson,  E.     Di  una  serie  di  nuovi  organi  escretori  scoperti  nel  filugello.    (Publ. 

R.  Stazione  Bacologica  di  Padova,  v,  1890,  pp.  30.    4  Pis.) 

Altre  cellule  glandulari  di  origine  postlarvale.     (Ibid.,  vii,  1892,  pp.  16, 

1  PI.) 

ed  E.   Bisson.      Cellule  glandulari    ipostigmatiche   nel   Bomh^x    mori. 

(Ibid.,  vi,  1891.) 

Borgert,  H.     Die  Hautdriisen  der  Tracheaten.    Jena,  1891,  pp.  80. 

Batelliy  Andrea.     Di  una  particolaritA  nelP  integumento  dell*  Aphrophora  spu- 

viaria.    (Monitore  Zool.  Ital.,  1891,  Anno  ii.,  pp.  30-32,  dermal  gland  in  last 

segment. ) 
Koschewnikow,  G.  A.     On  a  new  compound  dermal  gland  found  in  the  sting  of 

the  bee-     (Journal  of  the  Zoological  Section  of  the  Society  of  the  Friends 

of  Natural  Science.     Moscow,  ii,  Nos.  1,  2,  1892,  p.  36.    Preliminary  notice. 

In  Russian.) 
Willem,  v.,  et  H.  Salbe.     Le  tube  ventral  et  les  glandes  c^phaliques  des  Smin- 

thurus.     (Ann.  Soc.  Ent.  Belg.,  1897,  xli,  pp.  130-132.) 
Henseval,  Maurice.    Les  glandes  k  essence  der  Cossua  ligniperda.    (La  Cellale, 

1897,  xii,  pp.  19-26.  27,  29.) 


LITERATURE   ON  SECRETORY  GLANDS  367 

Henseyal,  Maurice.  Recherches sur  Tessence  der  Cossus  ligniperda.   (La Cellule, 
1897,  xii,  pp.  169-181,  183.) 

b.   Poison-glands 

Macloskie,  George.    The  poison-apparatus  of  the  mosquito.    (Amer.  Nat.,  xxii, 

1888,  pp.  884-888.    1  Fig.    Also  in  Science,  1887,  p.  106.) 
Beyer,  Otto  W.     Der  Giftapparat  von  Formica  rufa^  ein  reduziertes  Organ. 

(Jena.  Zeitschr.  f.  Wissens.  xxv,  1891,  pp.  26-112,  2  Taf.) 
Bordas,    L.     Sur   Tappareil  venimeux   des   Hym^nopt^res.     (Comtes   rend., 

cxviii,  1894,  pp.  296-299  and  873-874;    also  Zool.  Anzeiger,  xvii  Jahrg., 

1894,  pp.  385-387,  Figs.) 

Appareil  glandulaire  des  Hym6nopt6res.     (Glandes  salivaires;  Tubes  de 

Malpighi  et  glandes  venimeuses. )     Paris,  1894,  pp.  362,  11  Pis. 

Description  anatomique  et  ^tude  hlstologique  des  glandes  k  venin  des 

insectes  Hym^nopt^res.     Paris,  1897,  pp.  53,  2  Pis. 

See  Forel  (p.  186) ;  also  the  standard  authors,  Kolbe,  etc.;  also  Locy  (Amer. 
Nat.,  xviii,  1884,  p.  355),  Nagel  (p.  324),  Fenger. 

c.   Waz-glands 

Brandt  und  Ratzeburg.  Medicinische  Zoologie,  ii,  1830,  p.  179.  Taf.  xxv.  Fig..  18. 
Treviranus,  George  R.     Ueber  die  Bereitung  des  Wachses  durch  die  Bienen. 

(Zeitschrift  fttr  Physiologie,  etc.,  iii,  1832,  pp.  62,  226.) 
Dufour,  L.    Note  anatomique  sur  la  question  de  la  production  de  la  cire  des 

abeilles.     (Comptes  rend.  Acad.  Sc,  Paris,  1843,  xvii,  pp.  809-813,  1248- 

1253;  Revue  Zool.  1843,  Tlnstitut,  1843,  xi.) 
Dujardin,  F.      M^moire  sur  T^tude  microscopique  de  la  cire,  etc.  (Ann.  Sc. 

Nat.,  xii,  1849,  pp.  250-259.) 
Tarzione-Tozzetti,  H.    Studii  sulle  cocciniglie.     Milano,  1867,  7  Pis. 

Sur  la  cire  qu'on  pent  obtenir  de  la  cochenille  du  figuier  {Coccus  caricce). 

(Comptes  rend.  Acad.  Sc,  Paris,  Ixv,  1867,  pp.  246-247.) 

Glaus,  C.     Ueber  die  wachsbereitenden  HautdrUsen  der  Insekten.    (Sitzungsber. 

Gesells.  z.  Beford.  d.  Gesammt.  Naturw.  zu  Marburg,  June,  1867,  No.  8, 

pp.  65-72.) 
Witlaczil,  E.    Die  Anatomic  der  Psylliden.     (Zeitschr.  wissens.  Zool.,  xlii, 

1885,  pp.  582-586.) 

Zur  Morphologic  und  Anatomic  der  Cocciden.     (Zeitschr.  wissens.  Zool., 

xliii,  1886,  pp.  149-174,  1  Taf.) 
Ihering,  H.  von.     Der  Stachel  der  Meliponen.     (Ent.  Nachrichten,  xii  Jahrg., 

1886,  p.  185.) 

Carlet,  G.     Sur  les  organes  s^cr^teurs  et  la  s^cr^tion  de  la  cire  chez  TAbeille. 
(Comptes  rendus,  ex,  pp.  361-363,  1890.) 

La  cire  et  ses  organes  s^cr^teurs.  (Le  Naturaliste,  1890,  pp.  149-151, 2  Figs. ) 

Also  the  works  of  Siebold,  Cheshire,  Kolbe,  Howard  and  Marlatt  (Bull.,  3,  n.  s., 

Div.  Ent.  U.  S.  Dept.  Agr.,  1896,  p.  40),  Knaggs,  Berlese. 

cZ.   Wax-like  glands  of  Aphides 

Huber  et  Forel,  A.     ^fetudes  myrm^cologiques,  1875. 

Witlaczil,  S.    Zur  Anatomie  der  Aphiden.     (Zool.  Anzeiger,  v  Jahrg.,  1882, 

pp.  239-241 ;  Arbeiten  a.  d.  Zool.  Institut  der  Univ.  Wien.,  iv,  1882,  pp. 

397-441,  3  Taf.) 
Busgen,  M.  J.    Der  Hontgtau.  Biol.  Studien  an  Pflanzenu.  Pflauzenlause.    (Jena. 

Zeitschrift,  xxv,  1891,  pp.  339-428.) 


368  TEXT-BOOK  OF  ENTOMOLOGY 


DEFENSIVE  OR  REPUGNATORIAL  SCENT-GLANDS 

While  these  eversible  glands  are  not  found  in  marine  or  aquatic 
arthropods  such  as  Crustacea  or  Merostomata  (Limulus),  they  are 
often  present  in  the  air-breathing  forms,  especially  insects.  In  the 
winged  insects  they  are  of  frequent  occurrence,  existing  under  great 
variety  of  form,  varying  greatly  in  position,  and  appearing  usually 
to  be  in  immediate  relation  with  their  active  volant  habits.  Their 
presence  is  in  direct  adaptation  to  the  needs  and  habits  of  their 
possessors,  and  being  repellent,  warning,  or  defensive  structures,  the 
odors  they  secrete  being  often  exceedingly  nauseous,  they  appear  to 
have  been  called  into  existence  in  direct  response  to  their  biological 
environment.  The  fact  that  these  singular  organs  do  not  exist  in 
marine  or  aquatic  Crustacea  suggests  that  the  air-breathing,  atrial,  or 
volant  insects  by  these  eversible  glands,  usually  in  the  form  of  simi)le 
evaginable  hypodermic  pouches,  are  enabled  to  protect  themselves 
by  emitting  an  infinitesimal  amount  of  an  offensively  odorous  fluid 
or  ether-like  spray  which  charges  the  air  throughout  an  extent  of 
territory  which  may  be  practically  illimitable  to  the  senses  of  their 
enemies.  The  principle  is  the  same  as  in  the  mephitic  sulphuretted 
oil  ejected  by  the  skunks,  the  slight  quantity  these  creatures  jfive 
out  readily  mixing  with  and  charging  the  atmosphere  within  a  radius 
of  manv  miles  of  wliat  we  mav  call  the  centre  of  distribution. 

As  is  now  well  known,  the  very  delicate,  attenuated  highly  vola- 
tile odors  exhaled  are  perceived  by  insects  with  extreme  ease  and 
rapidity,  the  degree  of  sensitiveness  to  such  scents  being  enormousl}' 
greater  than  in  vertebrates,  their  organs  of  sense  being  developed  in 
a  corresponding  degree.  Professors  Fischer  and  Penzoldt,  of  Er- 
langen,  have  recently  established  the  fact  that  the  sense  of  smell  is 
by  far  the  most  delicate  of  the  senses.  They  find  that  the  olfactory 
nerve  is  able  to  detect  the  presence  of  2.:ft),(!i)o.(joi)  of  a  grain  of  mercap- 
tan.*  The  smallest  particle  of  matter  that  can  be  detected  by  the 
eye  is  sodium,  when  observed  by  the  spectroscope,  and  this  partic»le 
is  250  times  coarser  than  the  particle  of  mercaptan  which  can  be 
detected  by  the  human  nose. 

In  those  Arachnida  which  are  provided  with  poi-son-glands,  these  scent-glands 
are  absent,  but  in  certain  Acarina  and  Linguatulidae,  which  have  no  poison* 
glands,  there  are  various  oil-glands,  stigmatic  glands,  as  well  as  scent-glands, 

1  Mercaptan  is  a  mercury,  belonging  to  a  class  of  compounds  analogous  to  alcohol, 
having  an  offensive  garlic  odor.  Methyl  mercaptan  is  a  highly  offensive  aud  volatile 
liquid. 
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and  in  seiiinK  a  Thelyphonua  with  the  forceps  we  bave  observed  it  to  send  out 
from  each  side  of  the  body  h  jet  of  offensive  apray. 

We  not  infrequently  find  in  myriopods  (Polydesmidee,  JulidiC,  and  Glomeris) 
repugnatorial  or  tlie  so-called  cyanogeiiic  glands,  which  are  either  paired,  open- 
ing on  the  sides  of  the  body,  or  form  a  single  row  along  the  median  line  of  the 
under  side  of  the  body,  Leidy  describes  and  figures  the.  spherical  glands  of 
Jaliia  marijinalus,  of  which  there  are  50  pairs.  These  glands  have  been  regarded 
as  modified  nephridia,  but  are  more  probably  coxai  glands,  and  the  homologues 
of  the  parapodial  glands  of  annelid  worms. 

Eversible  cozal  glands.  — True  coxal  glands  occur  in  Seolojtemhdla 
iiiimaciilata  on  the  2d  to  llth  segment,  on  the  inner  side  of  the  base 
of  the  legs  (Fig.  15,  eg.).     Homologous  glands  also  occur  in  the  same 
position  in  Campodea  staphfflinits  (also  in  C.  i-ookei  and  C.  mexicana) 
on  the  1st  to  8tli  abdominal 
segments,  and  Oudemass  has 
described  a  pair  of  eversible 
sacs    ou    each    side    of    seg- 
ments one  to  seven  of   Ma- 
chilis-     These  eversible  sacs 
in   the   synaptevous   insects 
pre  evidently  modified  coxal 
glands,  and  are  probably  re- 

pugnatonal  as  well  as  res  pi  r-  ,jj^  ^,-j.  „f\.n,Bi'^"Bcsi".i  on  W'rij?hi'<ide™>irt«ii 
atory  in  function.  oaiV^'^'^mi^a'  '"'  "''"'"'  muKin.-AnM  ■ 

The  apparatus  consists  of 
an  eversible  gland,  composed  of  hypodermic  cells,  usually  retracted 
by  a  slender  muscle  and  with  an  efferent  passage,  but  the  glands 
vary  greatly  in  shape  and  structure  in  different  insects.  In  some 
cases  these  foetid  glands  appear  not  to  be  the  homologues  of  the  coxal 
glands,  but  simply  dermal  glands. 

These  repugnatorial  glands  are  of  not  infrequent  occurrence  in  the 
lower  or  more  generalized  wingetl  insects,  and  in  situation  and  ap- 
pearance are  evidently  the  homologues  of  the  coxal  glan<ls  of  the 
■Symphyla  and  Synaptera. 

Fcetid  G^lands  of  Orthoptera.  —  In  the  ear-wigs  (Forficula  and  Oheli- 
dura)  Meinert  has  detected  a  pair  of  what  he  calls  foetid  glands  at 
the  posterior  margin  of  the  dorsal  plates  of  the  2d  and  3d  abdominal 
segments. 

Vosseler  also  describes  the  same  glands  as  consisting  of  a  retort- 
shaped  sac,  in  whose  walls  are  numerous  small  hypodermal  cells  and 
large  single  glandular  cells  provided  with  an  efferent  passage,  the 
fluid  being  forced  out  by  the  pressure  of  the  dermal  muscles,  one 
acting  specially  to  retract  the  gland.    The  creature  can  squirt  to  a 
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distance  of  5  and  even  10  cm.  (4  inches)  a  yellowish-brown  liquid  ot 
emulsion  with  the  odor  of  a  mixtiu-e  of  carbolic  acid  and  creosote. 

The  large  eversible  dorsal  glan<ls  of  the  Blattidfe,  since  they  con- 
tain uiinierous  hairs,  which,  when  everted,  are  fan-like  or  like  tufts, 
serve,  as  in  the  spraying  or  scent  apparatus,  to  disseminate  the  wlor, 
aud  might  be  classified  with  the  alluring  unicellular  scent-glands  or 
iliiflappuriit  of  other  insects,  as  they  are  by  some  authors ;  but  as  the 
glands  are  large  and  con){iound  they  may  prove  to  be  the  homologues 
of  the  cuxal  glands  rather  than  of  the  dermal  glands. 

Evaginable  organs  in  the  H lattids  were  first  observed  by  GerstaK'ker 
in  both  sexes  of  Corydia;  they  are  yellowish  white,  covered  with 
hairs,  and  ai-e  thrust  out  from  between  tlie  dorsal  and  ventral  plates 
of  the  1st  and  ^d  abdominal  segments. 

In  the  cockruach  (/*,  orifiitalin)  Mincliin  detected  two  pouch-like 
invaginations  of  the  cuticle,  lying  close  on  each  side  ot  the  middle 


tfrsid,M.r«iidofAiililcl,l»,^hu«[ncth»twotwr>iMeMci:  I'-.r.Bie  Uitibdont- 
l^>rU"ii  Khov'ii^i;  tlK'  hulFs;  Ji,  ,\,„<.v\„g  iirtgin  or  ■  balr  Id  lu  foUlclr.  — Alter 


line  lit  the  Itoily  liftween  the  ."itli  and  6th  tergites  of  the  abdomen. 
'lliey  are  lined  by  a  ctmtiiuiation  of  the  cuticle,  which  forms,  within 
the  pouches,  numerous  stiff,  branched,  finely  pointed  bristles,  beneath 
which  are  a  number  of  glandular  epithelial  cells.  In  the  male  nympli 
of  P.  ilemrcitn  he  also  found  lieside  these  glandular  pouches  "  au  ad- 
ditioiuil  gland,  opening  by  a  tubular  duct  under  the  intersegmental 
membrane  between  the  ilth  and  titli  terga  above  the  glandular  pouch 
of  each  side,  and  extending  forward  into  the  body  cavity.  The  gland 
and  its  duct  are  proliferations  of  the  hypodermis,  and  there  is  no  in- 
vagination of  the  cuticle."  TJiese  eversible  glands  are  most  compli- 
cated in  Phyllodmmia  germuii  icu.  AVhile  it  is  absent  in  the  female, 
in  the  male  it  is  relatively  of  enormous  size,  extending  over  the  fith 
and  Tth  somites,  as  well  as  projecting  far  into  the  body  cavitj'  (Min- 
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chin).  Haase  states  that  these  glands  become  everted  by  blood- 
pressure  and  give  out  the  well-known  disagreeable  smell  of  these 
insects.  He  states  that  in  the  male  of  P.  gemianica  the  dorsal  glands 
in  the  6th  and  7th  abdominal  segments  are  without  hairs  and  produce 
an  oily  secretion;  they  function  as  odoriferous  organs  in  sexual 
union. 

In  the  male  of  another  Blattid  (Aphlebia  bicittata)  of  the  ('anary 
Islands,  Krauss  has  detected  two  yellowish  dorsal  sacs  1.5  mm.  in 
length,  opening  out  on  the  7th  abdominal  segment,  and  filled  full  of 
long  yellowish  hairs,  the  ends  directed  towards  the  opening,  where 
they  form  a  thick  tuft.  These  eversible  glands  lined  with  hairs 
appear  to  be  closely  similar  to  the  long  slender  eversible  hairy 
appendages  or  scent  organs  of  certain  Arctian  and  Syntomid  moths. 
(Fig.  359.) 

We  have  found  the  external  median  wart  Avith  lateral  lids  or  flaps 
in  between  the  5th  and  6th  tergites  of  Platyzosteria  imjens  Scudder, 
a  large  wingless  Blattid  living  under  the  leaf 
scars  of  the  cocoanut  tree  in  Southern  Florida 
(Fig.  360),  but  were  unable  to  detect  them  in 
Polyzosteiia  or  in  the  common  Blabera  of  Cuba, 
or  in  another  genus  from  Cordova,  ^lexico. 

In  another  group  of  Orthoptera,  the  Phas-  j,,^  3^^  _  External 
midse,  occur  a  pair  of  dorsal  pro  thoracic  glands,  p*atvzlSteria^  ^^^^^  **' 
each  opening  by  a  pore  and  present  in  both 
sexes.  In  the  walking-stick,  Anisomorpha  buprestoides,  ^  and  9 , 
these  openings  are  situated  on  each  side  of  the  prothorax  at  its 
upper  anterior  extremity,  situated  at  the  bottom  of  a  large  deep  pit. 
When  seized  it  discharged  a  "milky  white  fluid  from  the  pores 
of  the  thorax,  diffusing  a  strong  odor,  in  a  great  measure  like  that 
of  the  common  Gnaphalium  or  life  everlasting"  (Peale  in  Say's 
American  Entomology,  i,  p.  84).  Boll  states  that  the  females  when 
captured  "  spurt  from  the  prothorax,  somewhat  after  the  maimer  of 
bombardier  beetles,  a  strong  vapor,  which  slightly  burnt  the  skin ; 
when  the  females  were  seized  by  the  males  a  thick  fluid  oozed  from 
the  same  spot!"  Scudder  describes  these  glands  in  another  Phasmid 
{Antolyca  palUdicornis)  as  two  straight,  flattened,  ribbon-like  bodies, 
with  thick  walls,  broadly  rounded  at  the  end,  lying  side  by  side  and 
extending  to  the  hinder  end  of  the  mesothorax.  In  Anisomorpha 
bftprestofdes  the  glands  are  of  the  same  size  and  shape  (Scudder). 
In  Diapheromera  femorata  the  repugnatorial  foramina  are  very 
minute,  and  the  apparatus  within  consists  of  a  pair  of  small  obovate 
or  subf usiform  sacs,  one  on  each  side  of  the  prothorax,  about  1  mm. 
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in  length,  with  a  short  and  very  slender  duct  opelning  externally  at 
the  bottom  of  the  pit  (Scudder). 

In  the  Mantidae  these  seem  to  be  genuine  coxal  glands,  as  there 
is  a  pair  situated  between  the  coxae  of  the  first  pair  of  legs.  An 
evaginable  organ  like  a  wart,  with  a  glandular  appearance,  occurs 
on  the  hind  femora  of  the  Acrydiidae  in  a  furrow  on  the  under  side, 
into  which  the  tibia  fits,  about  one-fourth  from  the  base  (Psyche, 
iii,  p.  32). 

In  the  male  cricket,  the  anal  odoriferous  glands  are  small  lobes 
opening  into  a  reservoir  on  each  side  of  the  rectum  (Dufour).  Ho- 
•  mologous  glands  also  occur  in  the  Coleoptera  (Fig.  302, 1  and  317,  s). 
Most  Hemiptera  or  bugs  send  out  a  foetid  or  nauseous  odor  due 
to  a  fluid  secreted  by  a  single  or  double  yellow  or  red  pear-shai)ed 
gland,  situated  in  the  middle  of  the  mesothoracic  segment,  and 
opening  between  the  hinder  or  third  pair  of  coxae.     In  Belostonia 

Leidy  describes  these  glands  as  consisting 
of  two  rather  long  ca^cal  tubes  situated 
in  the  metathorax,  beneath  the  other  vis- 
cera, extending  backAvards  into  the  ab- 
domen, and  opening  lietween  the  coxa? 
of  the  third  pair  of  legs.  Locy  state's 
that  the  smell  arising  from  these  glands 
is  pleasant,  resembling  that  of  well 
ripened  pears  or  bananas.  Other  bugs, 
moreover,  emit  an  agreeable  odor,  tliat 
of  Syromastes  resembling  that  of  a  fine 
bergamot  pear.  (Siebold.)  The  fluid 
given  out  by  the  European  fire-bug 
(Pf/rrhocons  apterus)  has  a  sweetish 
smell,  like  ether.  In  the  nymph  there 
are  three  pairs  of  dorsal  glands,  on  abdominal  segments  2-5,  which 
are  atrophied  in  the  mature  insect.  In  the  bed-bug,  the  nymph  has 
three  odoriferous  glands  each  with  paired  openings  in  the  three 
basal  abdominal  segments  respectively,  and  situated  on  the  median 
dorsal  line,  being  arranged  transversely  at  the  edge  of  the  tergites; 
but  after  the  last  moult  these  are  aborted,  and  replaced  by  the  sternal 
metathoracic  glands  (Kunckel).  Gissler  has  detected  a  pair  of 
.glands  in  LacJnnts  strobi  (Fig.  361). 

Anal  glands  of  beetles.  —  Certain  beetles  are  endowed  with  eversi- 
ble  repugnatorial  glands.  Eleodes  gigantea  and  E.  deiiti])es  of  both 
sexes  are  said  by  Gissler  to  possess  these  glands.  When  teased 
"  they  stand  on  their  anterior  and  middle  legs,  holding  the  abdomen 


Fig.  361.  -(flands  (g)  of  Lach- 
nns  ;  //,  "honey"  wart. — GissliT 
del. 
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high  up  and  spurting  the  contents  of  the  glands  right  and  left." 
The  glands  (Fig.  366,  i)  are  two  reddish  brown,  somewhat  bilobed 
sacs,  and  extend  from  the  base  of  the  last  up  to  the  middle  of  the 
2d  abdominal  segment,  with  an  average  length  of  6.5  mm.  The 
liquid  stains  the  human  skin,  has  an  acid  reaction,  with  a  peculiar, 
"  intensely  penetrant  odor,  causing  the  eye  to  lachrymate.  It  is 
soluble  in  water,  alcohol,  and  ether.  Boiled  with  concentrated  sul- 
phuric acid  and  alcohol  an  ethereal  aromatic  vapor  is  produced, 
indicating  the  presence  of  one  or  more  organic  acids,  though  neither 
formic  or  acetic  acid  could  be  detected."  Williston  has  observed  the 
same  habits  in  seven  other  species  of  Eleodes,  all  ejecting  a  pungent 
vile-smelling  liquid,  one  species  (E.  longicollis)  ejecting  a  stream  of 
fluid  from  the  anal  gland,  backwards  sometimes  to  the  distance  of 
10  cm.  or  more,  and  he  regards  these  beetles  as  "  the  veritable  skunks 
of  their  order."  Leidy  briefly  describes  the  odoriferous  glands  of 
Upis  pennsylvanka. 

The  anal  glands  consist,  according  to  Meckel  and  also  Dufour,  of 
two  long,  simple,  flexuous  coeca  with  reservoirs  having  two  short 
excretory  ducts  situated  near  the  anus  (Siebold). 

Glands  like  those  of  Eleodes  found  in  Blaps  mortiHaija  are  de- 
scribed in  detail  by  Gil  son  (Fig.  366,  52).  They  form  two  pouches  or 
cuticular  invaginations  situated  in  the  end  of  the  abdomen  on  the 
sides  of  the  end  of  the  intestine  and  unite  on  the  median  line  under- 
neath the  genital  organs,  forming  a  very  short  tube  with  a  chitinous 
wall,  continuous  with  the  cuticle  of  the  last  abdominal  segment. 
Into  each  pouch  open  a  large  number  of  fine  slender  lobules  varying 
in  shape,  giving  a  villous  aspect  to  the  surface.  These  lobules  are 
composed  of  as  many  as  fifty  unicellular  glands,  each  of  which  is 
composed  of  four  parts :  (1)  A  radiated  vesicle,  (2)  a  central  sac, 
giving  rise  (3)  to  a  fine  excretory  tube,  and  (4)  a  sheath  near  the 
origin  of  the  excretory  tube.  These  are  all  modifications  of  the 
cytoplasm  of  the  cell  with  its  reticulum;  the  nucleus  with  its  chromo- 
somes is  also  present,  but  situated  on  one  side  of  the  central  sac. 
The  fine  excretory  tubules  form  a  bundle  passing  down  into  the 
mouth  of  each  lobule. 

Similar  glands,  though  usually  smaller,  which  have  not  been  carefully  exani> 
ined,  occur  in  Carabus  (Fig.  J566,  8)  and  Cychrus,  which  eject  from  the  vent  a 
disagreeable  fluid  containing  butyric  acid  (Pelouse).  The  bombardier  beetle 
Brachinus,  with  its  anal  glands,  ejects  a  jet  of  bluish  vapor  accompanied  with 
a  considerable  explosion,  which  colors  the  human  skin  rust  red ;  it  is  caustic, 
smells  like  nitrous  acid,  and  turns  blue  paper  red.  West  wood  states  that  indi- 
viduals of  a  large  South  American  Brachinus  on  being  seized  *'  immediately 
began  to  play  off  their  artillery,  burning  and  staining  the  flesh  to  such  a  degree 
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that  only  a  few  specimens  could  be  captured  with  the  naked  hand,  leaving  a 
mark  which  remained  for  a  considerable  time."  The  fluid  ejected  by  another 
species,  in  Tripoli,  blackened  the  lingers  of  tbe  collector.  "  It  is  neither  alkaline 
nor  acid,  and  it  is  soluble  in  water  and  in  alcohol."  (Kirby  and  Speace, 
Iv,  p.  H9.) 

Species  of  other  genera  (Agonum,  Fheropsopbus,  Galenta,  Ilelluo,  Pauasus. 
OzEena)  are  also  bombardiers,  though  less  decidedly  so  than  BracbinuA.  A 
Paussid  beetle  (Cerapterus)  ejects  explosively  a  fluid  contalDlng  free  todiae 
(Loman),  while  Stapbylinus,  Steniui,  Ocypus  olens,  Lacon,  etc.,  have  similar 
anal  foetid  glands,  the  liquid  being  moi«  or  less  corrosive.  The  secretion  of 
Mormolyce  phyllodea  is  so  corroBlve  that  it  is  said  to  paralyze  tbe  fingers  for  24 
hours  after.     (Cu^not.) 

The  two  paii-3  of  remarkably  large,  soft,  eversible,  forked,  orange- 
yellow  glands  of  the  European  genus  Malachiua,  are  thrust  out  from 
the  side  of  the  1st  and  the  3d  tho- 
'  racic  segments.     They  are  everted 

by  blood-pressure,  and  retracted  by 
muscles.  The  larva  of  Hydrophi- 
lus  picetia  ejects  by  the  anus  a 
black,  foetid  fiuid. 

Claus  has  shown  that  the  larva 
of  Liiia  ])opuli  and  other  Chryso- 
melidfe  possess  numerous  minute, 
evereible  glands  in  each  of  the  warts 
on  the  upi)er  surface  of  the  body, 
each  gland  containing  a  whitish, 
repellent  fluid  smelling  like  the  oil 
of  bitter  almonds  and  contaiuing 
salicylic  acid  derived  from  its  food- 
plant,   wliich   issues    as    peai-1-like 

Fia.  8K.  — maiisd  wfrtion  throDfrh  ihe   drops.  Cand^ze  tMnks  the  fluid  mav 

feniuru-tlblsltolntof  lugof  IVrlnelta.  Kho«-  ""    .  ■  j       n.i       a    ■  .    ■ 

IDK  It  nthaap«n1nir  Ihrouicbwhteb  lh«  blood     contain    pruSSlC  aCld.       illC   tlUld  18 

niu«rie°ofthB'ubi«:"VineKnf\hetuurp"'«i  secFCted  by  a  Variable  number  of 
j*^rhuipi»rt^A,«rti™i«.n.B.t™>e;,,tibi.d  glandular  cells,  each  provided  with 
an  efferent  duct.  The  larvK  of  saw- 
flies,  notably  Ci'mftej;  ajiicnVffHM,  also  eject  droplets  of  aclear  fluid  from 
non-evagiiiable  glands  situated  near  each  stigma  (Chlolodkovsky). 

The  blood  as  a  repellent  fluid.  —  In  this  connection  it  may  be 
mentioned  that  though  there  are  no  special  glands  present,  many 
beetles  emit  drops  of  blood  from  the  femoro-tibial  joints  of  their 
legs  as  a  means  of  defence.  Such  ai-e  the  oil-beetles  (Meloe),  Can- 
tharis,  Lytta.  The  cantharadine  secreted  by  these  beetles,  according 
to  Beauregard,  is  an  efficient  means  of  defence,  as  birds,  reptiles, 
and  carnivorous  insects  will  not  usually  attack  them.     This  snb- 
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stance  is  formed  in  the  blood  and  also  in  the  genital  organs,  and  is 
so  extremely  caustic  that  scavenger  insects  which  feed  upon  their 
dead  bodies  will  leave  untouched  the  parts  containing  cantharadine, 
and  if  May-beetles  or  mole-crickets  are  washed  with  the  blood  of 
Meloe  or  with  canthai'idate  of  potassa,  it  will  for  several  days  render 
them  safe  from  the  attacks  of  the  carabids  which  usually  prey  upon 
them.  The  eggs  even  after  deposition  are  strongly  vesicant,  and 
are  thus  free  from  the  attacks  of  egg-eating  insects  (Cu^not).  The 
Coccinellidae  are  also  protected  by  a  yellow,  mucilaginous,  disagree- 
able fluid  oozing  out  of  the  ends  of  the  femora;  in  our  common,  two- 
spotted  lady-bird  (C  bipunctata)  the  yellow  fluid  is  disagreeable, 
smelling  like  opium.  Lutz  has  found  that  the  blood  in  Coccinellidae 
passes  out  through  a  minute  opening  situated  at  the  end  of  each  femur 
(Fig.  362).     The  blood  is  veiy  repellent  to  insectivorous  animals. 

The  Dyticidse  eject  from  the  anus  a  colorless,  disagreeable  fluid, 
while  these  beetles,  and  especially  the  Gyrinidae,  when  captured 
send  out  a  milky  fluid  which  appears  to  issue  from  the  joints  of 
the  body.  The  Silphidse  throw  out  both  from  the  mouth  and  vent 
a  foetid  liquid  with  an  ammoniacal  odor.  They  possess  but  a  single 
anal  gland,  the  reservoir  opening  on  one  side  of  the  rectum  (Dufour). 

Other  malodorous  insects  have  not  yet  been  investigated;  such 
are  the  very  persistent  odors  of  lace-winged  flies  (Chrysopa). 

More  agreeable  secretions,  but  probably  formed  by  similar  glands, 
is  the  odor  of  rose  or  hyacinth  given  out  by  Cicindelae,  or  the  rose 
fragrance  exhaled  by  the  European  Aromia  moschcUa, 

Eversible  glands  of  caddis-worms  and  caterpillars.  —  Gilson,  while 
investigating  the  segmentally  disposed  thoracic  glands  of  larval 
Trichoptera,  has  found  in  the  larva  of  Limnophilus  flavicoiiiis  that 
the  sternal  prothoracic  tubercle  gives  exit  to  an  underlying  tubular 
gland.  In  Phryganea  grandis  each  thoracic  sternum  affords  an  exit 
to  an  eversible  gland.  Many  caterpillars,  as  our  subjoined  list  will 
show,  are  very  well  protected  by  eversible  repugnatorial  glands 
situated  either  in  the  under  or  upper  side  of  the  body.  Since  the 
time  of  De  Geer  (1750)  the  fork-tailed  larva  of  Cerura  has  been 
known  to  throw  out  a  secretion,  which  was  described  by  Bonnet  in 
1755  as  a  true  acid,  sharp,  sour,  and  biting.  This  spraying  appara- 
tus in  Cerura  (Harpyia)  vimda  has  been  well  described  by  Klemen- 
siewicz  (Fig.  366,  4),  though  Eengger  in  1817  noticed  the  general 
form  of  the  secretory  sac,  and  that  it  opens  out  in  two  muscular 
eversible  tubes,  out  of  which  the  secretion  is  ejected. 

The  fork-tailed  larva  of  Macrurocampa  marthesia,  which  is  much 
like  that  of  Cerura,  when  teased  sends  out  a  jet  of  spray  to  the 
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distance  of  nearly  an  inch  from  each  side  of  the  neck.  While  exam- 
ining the  very  gayly-colored  and  heavily-spined  caterpillars  of  Schi- 
zura  concinna  we  observed  that  when  a  fully-grown  one  was  roughly 
seized  with  the  forceps  or  fingers  it  sent  out  a  shower  of  spray  from 
each  side  of  the  prothoracic  segment,  exactly  like  that  of  Cerura 
and  Macrurocampa. 

In  the  European  Cerura  vinula  the  apparatus  consists  of  a  single 
sac,  which  opens  by  a  narrow  transverse  slit  on  the  under  side  of 
the  neck,  out  of  which  is  rapidly  everted  four  lateral  tubes,  two 
on  each  side  (Fig.  366,  4,  t),  which  are  withdrawn  within  the  open- 
ing by  the  contraction  of  several  fine  muscles.  The  apparatus  in 
the  American  C.  mnltiscripta  is  as  in  the  European  C.  vinula.  In 
a  living  specimen  the  large  secretory  sac  was  seen  to  be  of  the  same 
size  and  shaj)e  as  in  Macrurocampa,  and  of  the  color  of  raw  silk. 
The  sac  when  distended  extends  back  to  a  little  behind  the  middle 
pair  of  legs,  and  is  nearly  two-thirds  as  wide  as  the  body.  The 
caterpillar  sent  out  the  fluid  when  handled,  but  we  could  not  make 
it  spray. 

In  the  larva  of  Macrurocampa  marthesia  the  cervical  or  secretory 
gland  (Fig.  366,  &)  is  situated  in  the  1st  .and  2d  thoracic  segments, 
extending  to  the  hinder  edge  of  the  latter  and  lying  between  the 
nervous  cord  and  the  oesophagus  and  proventriculus,  and  when 
empty  the  bulk  of  it  lies  a  little  to  one  side  of  the  median  line 
of  the  body.  It  is  partly  held  in  place  by  small  tracheae,  one  quite 
large  branch  being  sent  to  it  from  near  the  prothoracic  spiracle. 
The  short,  large  duct,  leading  from  it  to  the  transverse  opening?  in 
the  membrane  between  the  head  and  prothoracic  segment,  is  a  little 
narrower  than  this  opening,  and  is  kept  distended  by  ta?nidia,  or  a 
series  of  short,  spiral  threads  which  are  pale,  not  honey-yellowish, 
in  color.  This  duct  lies  on  one  side  of  the  prothoracic  ganglion, 
resting  just  under  the  commissures  passing  up  to  the  brain ;  it  is 
also  situated  between  the  two  silk  ducts. 

The  very  distensible  sac  (Fig.  366,  a)  is  rendered  elastic  by  a 
curious  arrangement  of  the  cuticle,  the  tsenidia  of  the  duct  itself 
being  represented  by  very  thickly-scattered,  irregular,  separate,  sinu- 
ous, chitinous  ridges,  which  stand  up  from  the  cuticular  lining  of 
the  wall  of  the  sac  (Fig.  366,  e).  The  secretory  cells  of  the  walls 
of  this  sac  in  Cerura  vinula  are  said  by  Klemensiewicz  to  be  large 
hexagonal  cells,  resembling  those  of  silk-glands,  having  like  them 
large  branched  nuclei. 

The  fluid  thrown  out  is  said  b}'  Poulton  to  be  formic  acid;  it 
causes  violent   effervescence   when   allowed   to  fall   upon   sodium- 


OSMETEIUA    OF  PAPILIO  LARVjE  377 

bicarbonate,  and  colors  blue  litmus  paper  red.  It  also  appears  from 
the  researches  of  Latter  that  these  creatures  in  the  imago  state 
secrete  free  potassium  hydroxid,  a  substance  for  the  first  time  known 
to  exist  in  the  animal  kingdom. 

In  the  caterpillar  of  Astyanax  arcJii^ypus  (Limenitia  disippus)  a 
dark,  bladder-like  sac  is  everted,  but  the  lateral  tubes  appear  to 
be  wanting,  and  no  spray  is  sent  out ;  it  occurs  in  the  larvae  of 
many  Nymphalidae  and  other  buttei-flies  and  moths. 

These  glands  are  functionally  active  in  Perophora,  but  obsolete  (at 
least  the  external  openings)  in  Lacosoma. 

Tlie  osmeterium  in  Papilio  larva.  —  The  caterpillars  of  the  swallow- 
tailed  butterflies  (Papilio,  Doritis,  and  Thais),  as  is  well  known,  when 
irritated  thrust  out  from  a  transverse  slit  on  the  upper  part  of  the  pro- 
thoracic  segment  a  large  orange-yellow  V-shaped  fleshy  tubular  pro- 
cess (the  osmeteriiun),  from  which  is  diffused  a  more  or  less  melon- 
like but  disagreeable,  in  some  cases  insufferable,  odor ;  the  secretion 
is  acid  and  reddens  litmus  paper.  The  mechanism  has  been  de- 
scribed and  figured  by  Klemensiewicz. 

When  at  rest,  or  retracted,  the  osmeterium  lies  in  the  upper  part 
of  the  body  in  the  three  thoracic  segments,  and  is  crossed  obliquely 
bv  several  muscular  bundles  attached  to  the  walls  of  the  body,  and 
by  the  action  of  these  muscles  the  evagination  of  the  osmeterium  is 
strongly  promoted.  After  eversion  the  tubes  are  slowly  retracted 
by  two  slender  muscles  inserted  at  the  end  of  each  fork  or  tube,  and 
arising  from  the  sides  of  the  3d  segment  behind  the  head,  crossing 
each  other  in  the  median  line  (Fig.  .366, 7  r.yn.).  The  secretion  is 
formed  by  an  oval  mass  of  glandular  cells  at  the  base  of  the  forks ; 
in  the  glandular  mass  is  a  furrow-like  depression  about  which  the 
secretory  cells  are  grouped.  The  secretion  collects  in  very  fine  drops 
on  the  side  of  each  furrow  opposite  the  glandular  cells. 

According  to  C.  D.  Ash  the  larva  of  an  Australian  Notodontid 
( Dan f via  banksii  Lewin)  protrudes  from  the  under  side  of  the  pro- 
thoracic  segment  a  Y-shaped  red  organ  like  that  of  Papilio ;  no  fluid 
or  odor  is  given  out. 

Dorsal  and  lateral  eversible  metameric  sacs  in  other  larvae.  —  The 
showy  caterpillars  of  Orgyia  and  its  allies  have  a  conspicuous  coral- 
red  tubercle  on  the  back  of  the  6th  and  also  the  7th  abdominal  seg- 
ment, which  on  irritation  are  elongated,  the  end  of  the  tubercles 
being  eversible.  When  at  rest  the  summit  is  crateriform,  but  on 
eversion  the  end  becomes  rounded  and  conical.  These  osmeteria 
are  everted  by  blood  pressure,  and  retracted  by  a  muscle.  Fig.  366,  i>, 
represents  a  section  of  an  osmeterium  of  Orgyia  leucostigma  when 
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retracted  by  the  muscle  (»i) ;   at  the  bottom  of  the  crater  are  the 
secreting  or  glandular  cells  (yc),  being  modified  hypodermal  cells. 
These  doubtless  serve  as  terrifying  organs  to  ichneumons  and  other 
insect  enemies,  and  though  we  have  been  unable  to  detect  any  odor 
emanating  from  the  tubercles, 
yet  possibly  they  give  out  a 
scent   perceived    by   and    dis- 
agreeable to  their  insect  assail- 
ants. 

In  the  Hemileucidx  there  is 
a  pair  ot  lateral  osmeteria,  on 
rA/w'«f,,!wittKo''p^i'S?^ve^b'i.M^(^:  the  1st  and  on  the  7th  abdomi- 
nal  segments,  which,  however, 
are  not  highly  colored  (Figs.  363,  366,  lo).  In  Megalopyge  (Lagoa, 
Fig.  364)  there  is  a  lateral  row  of  singular  pale  permanently  everted 
processes  which  appear  to  be  the  homotogiies  of  the  osmeteria  of 
larvae  of  other  lepidopterous  families.  As  these  are  repeated  on 
seven  segments,  their  metameric  arrangement  is  obvious.  The  rela- 
tion of  these  curious  glands  to  the  viscera  is  seen  in  Fig.  297,  ig/>, 
and  their  minute  structure  in  Fig,  365. 

At  A,  tbe  lumen  (0  'B  ft  deep  narrow  cavity,  with  the  Becretion  (seer.'),  col- 
lected at  the  mouth  of  the  cavity,  composed  of  iv  thin,  mucus-like,  coagulated 
fluid,  containing  granules  of  varying  degrees  ot  fineness,  which  take  the  stain 


readily.  OuUide  of  these  are  collected  line  nuclei  (be),  stained  dark,  and 
enveloped  in  a  slight,  transparent,  pale,  protoplasmic  envelope,  which  may  he 
blood  corpuscles.    The  glandular  cells  llieniselves  are  simply  modified  hypod«r- 
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mal  cells,  as  seen  at  C.  In  some  of  the  nuclei,  indiatinct  nucleoli  are  seen,  and 
deeply  stained  granules,  especially  around  the  periphery  of  the  nuclei.  At  B  is 
represented  a  section  on  one  side  of  the  middle,  hut  still  showing  the  spacious 
lumen.  In  the  section  represented  by  C,  the  knife  passed  through  the  procetts 
still  nearer  tlie  outer  edge,  and  near  tlie  base  ;  at  C',  three  of  the  glandular 
cells,  with  their  large,  deeply  stained  nuclei,  are  drawn.  A  transverse  section 
at  D  shows  the  large  lumen  or  cavity  (I)- 

Ae  to  the  function  and  homologies  of  these  structures,  it  is  difficult  to  decide. 
We  have  never  noticed  that  they  give  olT  any  odor,  though  they  may  prove  to 
be  repugnatorlal ;  they  are  not  visible  in  the  fully  grown,  living  insect,  being 
concealed  by  the  long,  dense  hairs  clothing  the  body  ;  they  are  not  spraying 
organs,  as  they  are  Imperforate  at  the  end,  not  ending  as  the  lateral,  eversible 
glands  of  Hyperckiria  io.  etc.,  in  a  crateriform  orifice. 

They  may  be  permanently  everted  glands,  or  osmeteria,  which  have,  by  dis- 
use, lost  their  power  of  retraction  and  their  crateriform  opening,  as  well  as  the 
power  of  secreting  a  malodorous  fluid. 


Fio.  »a5.  —  Section  of  l«t*rsl  |iroces»«  of  lirti  of  M»(tiilop}-»rp. 

In  certain  of  the  butterflies,  the  HeliconidEe  (Coljenis,  Helicoiiius, 
Euidea,  and  Dione),  there  is  thrust  from  the  end  of  the  abdomen  a 
pair  of  large,  irregular,  rounded,  eversible  glands,  which  give  out 
a  disagreeable  odor,  and  are  conseqnently  repellent,  and  which  seem 
to  be  the  homologues  of  the  odoriferous  glands  of  other  butttrflies. 

The  large,  soft,  rounded,  evereible  glands,  looking  like  puff-balls  or  a  rounded 
pudding  (Fig  386,  12),  are  everted,  when  the  butterfllps  are  roughly  seized,  from 
the  doreal  aide  of  the  penultimate  segment  of  the  abdomen.  The  males  possesa 
two  smaller  tubercles  on  the  inside  of  the  anal  claspers  or  lobes.  MUller  also 
detected,  in  the  females  of  various  species  of  the  Heliconidie  enumerated  above. 
a  pair  of  club-shaped  processes  like  the  balancers  of  flies,  which  are  thrust  out 
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on  each  side  of  and  under  the  odoriferous  puff-balls  of  the  hinder  edge  of  the 
penultimate  segment  (Fig.  366,  13).  The  club  or  head  is  armed  with  hairs  or 
bristles,  which,  in  Ilelicouius,  are  like  the  scales  of  a  butterfly. 

In  the  caterpillars  of  certain  blue  butterflies  (Lycaenidae)  is  an  in- 
ternal osmeterium,  being  a  very  minute  sac  which  is  everted  from  a 
transverse  slit  on  the  top  of  the  7th  abdominal  segment.  Its  func- 
tion is  quite  the  opposite  of  those  of  the  caterpillars  of  other  fami- 
lies, since  the  sac  exudes  a  sweet  fluid  very  attractive  to  ants,  which 
may  be  diffused  more  widely  by  the  delicate  spinulose  bristles  crown- 
ing the  summit.  W.  H.  Edwards  states  that  in  several  species  of 
Lycsena,  besides  that  on  the  7th  abdominal  segment,  there  is  on 
the  8th  segment  a  pair  of  minute  dorsal  evaginable  tubercles. 

A  pair  of  small  ramose  odoriferous  glands  are  said  by  Siebold,  w^ho 
regarded  them  as  alluring  glands,  to  occur  in  Argynnis,  Melitsea,  and 
Zygaena,  to  be  situated  near  the  orifice  of  the  oviduct,  and  Scudder 
has  detected  them  near  the  anus  of  the  female  pupa  of  Danais  archijy- 
pus.  The  appearance  of  the  odoriferous  glands  in  the  pupa  of  Van- 
essa io  is  well  shown  by  Jackson  (Fig.  366,  u).  They  develop  as  two 
tubular  ingrowths  of  the  hypodermis,  perfectly  distinct  one  from  the 
other,  each  having  its  own  separate  aperture  to  the  exterior.  In 
Fig.  366, 14  the  condition  of  parts  is  nearly  as  in  the  imago,  the  glands 
being  situated  below  the  rectum  and  opening  of  the  oviduct.  In 
both  sexes  of  another  Brazilian  butterfly  (Didonis  biblis)  on  the  me- 
dian line  of  the  abdomen  between  the  4th  and  6th  segments  are  two 
roundish  vesicles  covered  with  short  gray  hairs,  which  emit  a  dis- 
agreeable smell. 

It  is  possible  that  the  dark-gi'een  fluid  in  Parnassius,  secreted  by  an  evaginable 
gland,  and  which  is  moulded  into  shape  by  the  scimetar-shaped  peraplast  (Scud- 
der), is  formed  by  the  homologues  of  the  anal  glands  of  other  butterflies. 
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Fig.  866.  —  Scent-jplands  of  insects:  1.  Anal  everslble  glands  of  Eleodea.  —  Afler  Gissler. 
2.  Anal  everslble  grlands  of  Blaps.  — After  Qllflon.  .S.  Anal  glands  Uiffl)  of  CatnhuH  horttuHitt: 
r*,  reservoir ;  ^/.  excretory  duct ;  i,  intestine;  r,  rectum. — After  Kolbe.  4.  Prothoradc  spraylnj? 
apparatus  of  Cerura  viniila:  gK  the  gland;  </,  its  duct,  with  tn^nldia;  t,  the  spravlng  tubes; 
jw,  muscles;  r//i,  retractor  muscles.  —  After  Klemensiewicz.  B.  The  thoracic  glannular  sac  of 
Jfacntrocumpa  marthettia  :  gl,  the  glandular  sac;  </,  Its  duct;  «,  i>erltracheal  epithelium  ;  t,  the 
spiral  threads  or  tR'nldla.  6.  Irregular  separate  masses  of  chltlnoua  ridges  on  the  cutlcular  lining  of 
the  wall  of  the  sacs  of  Afacrurocampa  marthesia.  7.  Osmeterium  {oh)  of  the  larva  of  Papilio 
machaon  at  rest:  rw*,  the  retractor  muscles  at  the  ends;  m,  the  numerous  oblique  muscles; 
dm.,  dorsal  longitudinal  muscles ;  ^  trachea ;  oe,  (esophagus  ;  gang^  brain  ;  1,  head  ;  '2, 8, 4,  thoracic 
segments.  8,  Osmeterium  {os)  of  one  side,  enlarged  :  g,  glandular  portion  at  the  base ;  rf,  depres- 
sions in  the  cutlcula  of  the  glandular  portion  ;  /,  trachea. — This  and  Pig.  7  after  Klemensiewicz. 

9.  Everslble  dorsal  glands  {ev.  gl)  of  larva  of  Orgyia  leucoHtigma  In  Stage  II:  gc,  glandular 
cells  at  bottom  of  the  crater-like  depression  ;  w,  retractor  muscle  ;  p,  poison  gtand-cells  of  the  root 
of  the  seta  (h)  ;  c*.  cutlcula ;  Ayy),  hypodermis :  A^  portion  of  the  cuticle  and  hypodermis  enlarged. 

10.  Liiteral  everslble  gland  of  I/ypervhiria  io.  Stage  II:  rw,  retractor  muscle;  oen,  cenocvtes. 

11.  The  same  as   Fig.  10,  but  representing  a  section  through  one  side  of  the  everslble  gland. 

12.  vl,  end  of  bodvof  ColfBnfsjiiiitt ;  ev,  everslble  anal  gland  ;  oa,  odoriferous  appendages ;  B,  the 
same  In  HtlieoniuH  aptteudeM^  side  view;  C,  odoriferous  appendages  of  Co/afniH  dido  in  tre^h 
condition  ;  />,  tested  with  alcohol  and  benzine.  13.  Odoriferous  appendages  of  f/elieoniim  eucraie, 
head  cleansed.  —  Figs.  12, 13,  after  F.  MUller.  14.  Odoriferous  glands  {ogl)  In  the  pui>a  of  Vane^aa 
io:  r,  rectum;  A,  the  folds  of  hypodermis  which  forms  the  terminal  papilla  of  the  abdomen; 
or,  oviduct.  —  After  Jackson. 
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Difttribntion  of  repugnatorlal  or  alluring  Bcent-glands  in  insects  ^ 

A.   Laeval  Insects 

a.  Each  thoracic  segment ;  sternal.    Phryganea  grandis. 

b.  ProthoraciCy  sternal^  discharging  a  lateral  jet  of  spray  ;  with  a  single  large 
internal  sack, 

LEPIDOPTERA 

Family  Tineid^ 
IJyponomeuta  evonymella. 

Family  Noctuid^ 

Bryophilaf  Citcullia  formosa,  C.  scrophularia^  Habrostola,  Cleophana  Una- 
ricBy  Catocala  (sp.)?  Aporia  cratcegce,  Aplecta  nehulosa^  Leucania  staminea^  L. 
hispanica^  L,  nonagrioideSj  Plusia  gamma. 

Family  Notodontid* 

Pheosia  rimosa^  Schizura  concinna,  Danimn  Bauksii  (Australia),  Jtfac«iiy>- 
campa  marthesia,  Heterocampa  pulverea,  Cerura  vinula^  C.  furcula,  C  borealis, 
C.  multiscripta. 

Family  NYMPHALiDiS 
Probably  all  the  species. 

c.  Pi'othoracic^  dorsal ;  sending  out  a  W-shaped  odoriferous  organ  (osmete- 
rium). 

Family  PxpiLioNiDiE 
All  the  species  as  a  rule. 

d.  Thoracic  sternal,  evaginable  glands. 

Family  Peropiiorida!: 
Lacosoma  chirodota,  Perophora  melsheimerii. 

Family  Nolid.e 
In  three,  and  probably  in  all  the  species  of  Nola. 

e.  Lateral,  abdominal,  non-eversible  glands,  one  near  each  spiracle,  emitting 
a  clear  fluid. 

Family   TENTIIREDINlDiE 

Crcesus  septentrionalis,  C.  varus,  Cimbex  americana,  C.  betulce^  Trichiosoma, 

f.  Lateral,  abdominal,  partly  eversible  glands  emitting  neither  moisture  nw 
odor,  bttt  flesh-colored. 

Family  Tineidjs 
Phyllocnistis  ?  (eight  pairs.) 

1  Embryonic  or  temporary  glands,  the  "  pleuropodia  "  of  Wheeler,  viz.  the  modU 
tied  first  pair  of  abdominal  legs,  occur  in  (Ecanthus,  Gryllotalpa,  Xiphidium,  Steno- 
bothrus,  Mantis  (occiisionally  a  pair  on  the  second  abdominal  segment,  Graber) ; 
Blatta,  Periplaneta.  Cicada,  Zaitha,  Hydrophilus,  Acilius^  Melolontha,  Meloe,  Sialis, 
Neophylax.     (See  Wheeler,  Appendages  of  the  First  Abdominal  Segment,  etc.,  1890.) 
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Family  HEMiLEuciDif: 

Iltjperchiria  io  (two  pairs,  viz.  on  Ist  and  7th  segments),  H.  sp.  (Mexico), 
Ilemileuca  yavapai,  pamina^  II.  maia,  II.  artemiSy  Pseudohazis  eglanterina. 

g.  Lateral,  ahdominaU  pennanently  ecertedy  metameric  glands,  not  known  to 
secrete  a  Jtuid,  nor  to  be  odoriferous. 

Family  MEOALOPYciDiE 
Megalopyge  crispata. 

h.  Medio-dorsalj  partly  eversible  glands,  emitting  a  spray  of  liquid  but  no 
odor(i*),  and  colored  coral-red  or  orange-yellow  (P.  aunflua),  but  usually  in  the 
European  species  yellowish. 

Family  LiPARiDiK 

All  the  species  except  those  of  Demas. 

?.  A  single,  median,  abdominal,  dorsal  gland,  emitting  a  fluid  attractive  to 
ants,  on  7th  segment;  with  a  pair  of  minute,  index  glands  on  the  8th  segment. 

Family  Lrc^NiDiE 
All  the  species. 

j.   Protrusile  organs  near  the  anus. 
Myt^ieleon  larva  (Hagen  ?  Dimmock). 

B.   Nymph  of  Heterometabolous  Insects 

«.   Paired,  dorsal  glands,  on  abdominal  segments  1,  S,  and  3. 
Cimex  lectularius  (KUnckel). 

b.  The  same  on  abdominal  segment  5. 
Lachnus  strobi. 

C.   Pupa  of  Certain  Bombyces 

At  anterior  end  of  certain  pupce,  internal  glands  to  moisten  threads  of  the 
cocoon  for  exit  of  moth. 

D.   Adult  Insects 

a.  Occurring  on  the  prothorax  only ;  strongly  repugnatorial,  best  developed 
in  S  ' 

Anisomorpha  buprestoides,  Antolyca  pallidicornis,  Phasma  putidum,  Phyl- 
litnn  (sp.),  Heteropteryx  (sp.),  Diapheromera  femoratum  (probably  in  all  the 
species  of  the  family),  Mantis  Carolina. 

h.  Occurring  on  the  pro-  and  mesothorax,  and  on  the  middle  of  the  abdomen, 
orange-yellow,  fleshy  tubercles  or  evaginations. 

Malachius  bipustulatus,  Anthocomus  equestris,  Evceus  thoracicus, 

c.  Segmental,  eversible  glands,  homologues  of  the  coxal  glands  of  other 
Arthropods,  occurring  on  all,  or  nearly  all,  the  abdominal  segments. 

Scolopendrella  immaculata  (coxal  glands  on  3d  to  11th  pair  of  legs),  Campodea 
«^apAyZinu«  (a  pair  of  coxal  glands  on  1st  to  8th  abdominal  segments),  Machilis 
maritima  (eversible,  coxal  glands  on  segments  1-7). 
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d.  Occurring  in  the  abdomen. 

d^.  In  the  two  Jirst  abdominal  segments, 
Corydia  carunculigera  $  and  J. 

dK  Alluring  (?)  organs  situated  on  the  dorsal  side  of  the  abdomen,  in  the  6th^ 
or  6th  and  7th,  abdominal  segment. 

Periplaneta  americana  $,  P.  orientalis  (nymph),  P.  decorata  $  (nymph), 
Ectoblatta  germanica  $ ,  Ectobia  lapponica  $ ,  Phyllodromia  $ ,  Aphlebia  hi- 
tittata  $ ,  Platyzosteria  ingens  (on  sixth  segment). 

e.  At  the  end  of  the  body. 

Colcenis  julia  ?  (F.  MtiUer),  Heliconius  apseudes  (F.  MUller). 
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THE   ALLUKIXG  OR   SCENT-GLANDS 

It  is  difficult  to  clvaw  the  line  between  repelling  and  alluring 
glands.  Attention  was  first  definitely  called  to  the  alluring  odors 
of  Lepidoptera  by  Fi'itz  Muller,  who  showed  that  the  males  of  certain 
butterflies  are  rendered  attractive  to  the  other  sex  by  secreting  odor- 
ous oils  of  the  ether  series.  He  pointed  out  that  the  seat  of  the  odor 
is  the  androeonia  (see  p.  199),  while  either  repellent  or  pleasant 
odors  are  exhaled  from  abdominal  glands. 

Those  of  Pierin  niipi  yield  ii  scejit  like  that  of  citrous,  Didonis  bihlin  gives  off 
three  diETerent  odors  from  difiereiit  partH  'if  the  body,  besides  having  a  distinctly 
oduroiis  spot  on  the  tiind  win^ra.  Botti  sexes  liave  a,  iutc  between  the  fourth  and 
fifth  al>domiiisl  segments  which  exhales  a  very  unpleasant  (protective)  odor, 
while  the  males  have  on  the  succeeding  segment  a  pair  of  glands  from  which 
proceeds  an  agreeable  odor  like  that  of  the  heliotrope.  Cattnlryan  argaiite  throws 
oft  a.  musky  odor.  In  Prejiima  laertes  the  odor  is  like  that  of  a  bat,  in  Dirreaua 
xaulk"  it  Is  vanilla-like,  the  androeonia  being  situated  on  the  front  edge  of  the 
hind  wings.  In  Pnpilio  yitigi  the  odor  is  said  to  be  aa  agreeable  and  intense  as 
in  flowers.  Certain  sphingids  are  known  to  exhale  a  distinct  odor,  which  Milller 
has  traced  to  a  tuft  of  hair-like  scales  at  the  base  of  the  abdomen,  and  which  fits 
into  a  groove  in  the  first  segment,  so  as  to  be  ordinarily  invisible. 

In  the  noctuid  genus,  I'atula,  the  costal  half  of  the  hind  wing  is  modified  to 
form  n  large  scent-gland,  and  in  consequence  the  venation  has  been  modifled. 
The  still  greater  distortion  of  the  veins  in  tlie  allied  genus,  Argida,  was  attributed 
by  the  author  to  its  once   having 
possessed    a    similar   scent-gland, 
now  become  rudimentary  by  dis- 
use,   (Hampson.) 

Peculiar  while  or  orange-colored, 
hairy,  thread-like    processes  have 
been  found  protruding   from   nar- 
row openings  near   the  tip  of  the  /,. 
abdomen  of   Arctian  moths  (Fig.      ^  ['',. 
3d7),  which  throw  oft,  according  to    ^  W 
J,  B.  Smith,   "an  intense   odor,     -  ^ 
somewhat  like  tlic  smell  of  laud- 
anum."     We  have  perceived  tiie 
same  unpleasant    odor  emanating 
from  the  males  of   Siiilosoma  vir- 
giniea  and   Arctia   virgo,  as   well 
OS  Levcarclia  acrirtj. 

We   are   informed    by  C.  Dury  _ 

that  similar  but  longer   hairy  ap-   i, of /■i»«rettai'»uwiu.'-^'Atier"Jiini 
pendages    are   thrust   out   by    the 

male  of  Haploa  (lijmene.  Many  glaucopid  moths  protrude  similar  glandular 
processes.  Tlnu  MUller  tells  us  that  on  seizing  a  glaucopid  female  by  the 
wings,  nearly  the  whole  body  became  enveloped  in  a,  large  cloud  of  snow-white 
wool  which  came  out  of  a  sort  of  pouch  on  the  ventral  side  of  the  abdomen. 

The  male  of  a  glaucopid  was  seen  to  dart  out  a  pair  of  long  hollow  hairy  re- 
tTAcUle  flUmenta  which  in  some  species  exceed  the  whole  body  in  length.     The 
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apparaLQs  secretesa  peculiar  odor,  probably  serving  to  allure  the  female  (Xature), 
aiid  ceriaii)  ZygKiiidx  liave  o[i  the  inner  side  of  the  paranal  lobes  (Ali«rkiap- 
pen)  (rlands  ^ied  with  a  sweetly  scented  fluid.  Smith  has  detected  a  pecuiiar 
bruBh  of  hair-like  scales  in  a  groove  between  tlie  dorsal  and  ventral  parts  of  the 
basal  two  segments  of  the  abdomen  of  Schiiun  marginata  (family  Noctuidfe), 
and  wlien  removed  It  exhaled  a  laudanuui-like  smell. 

The  pupa  of  Citheronia  regalia  gives  out  from  the  end  of  the  abdomen  a  scent 
reminding  ua  of  laudanum. 

Another  mode  of  disseminating  pleasant,  alluring  odors  is  that  of 
the  males  of  certain  moths,  which  bear  pencils  and  tufts  on  their  fore 
or  hind  legs,  and  in  the  case  of  an  Indian  butterfly  on  the  greatly 
elongated  palpi.     Those  on  the  legs  are  ordinarily  concealed  in  cavi- 
ties or  ftirrows  in  the  leg,  and  may  be  thrust  otit  and  expandetl  so  aa 
to  widely  diffuse  their  odor.     Such  are  those 
of  the  males  of  Catocala  (Fig.  368),  which 
resemble  an  artist's  fitch  brush.     In  Jfe/iifdua 
fiecla,  where  the  arrangements  for  protecting 
the  tufts  are  qnite   abnormal,  Bertkan  has 
detected  the  cells  which  secrete  the  otlorous 
fluid.     In  the  male  of  another  Hepialus  (Jt. 
huuiuli)  a  pectiliar  scent  prw-eeds  from  the 
cm'ionsly   aborted    and   altered    hind    tibix. 
(Barrett,)     In  one  case,  that  of  a  geoinetriil 
moth  {Bapalu  dkliroa  of  New  Guinea),  these 
pencils  occur  on  all  the  legs.     (Haase).     In 
many  species  a  distinct   tnlor  is  perce])tible 
when  tlie  leg  bearing  the  pencil  or  tuft  is 
crushed. 
These  eversible  acent^-glands  have  been  sup^wsed   to  be   mostly 
restricted  to  the  Lepidoptera,  and  to  a  single  known  case  in  the  Tri- 
choptei-a,  but  similar  alluring  male  glands  also  occur  in  the  Orthop- 
tcra  (Locustida;).     11.  Garman  has  described  and  figured  in  the  cave 
cricket  (Hadenifnin  suhterraiiens)  "  a  pair  of  white  fleshy  apiiendages 
protmding  from  slits  between  the  terga  of  the  Dth  and  lOth  abdomi- 
nal somites,  the  nature  of  which  is  not  clear,"  adding,  '-the  slits 
through  which  the  organs  appear  are   situated  one  on  each   side 
anterior  to  and  a  little  within  the  cerci.     ^\'hen  fnlly  protruded,  the 
glands  are  white,  cylindrical,  a  little  tapering,  and  are  about  one-ejghlli 
of  an  inch  long."  He  believes  that  tbey  are  protruded  during  the 
period  of  sexual  excitement,  and  suggests  that  "the  sense  of  smell  is 
certainly  the  one  best  calculated  to  bring  the  sexes  together  in  the 
darkness  of  caves."     We  had  previotisly  noticed  these  organs  in 
alcoholic  specimens,  but  supposed  that  they  wei-e  fungous  growths. 
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On  dissecting  and  making  microscopic  sections  of  them,  the  gland  i^, 
when  extended  (Fig.  'i&i),  seen  to  be  a  long,  eneiform,  sharp,  band- 
like process,  with  nutnerous  retractor  muscular  fibres.  When  at  rest 
each  gland  is  folded  about  live  times,  forming  a  bundle  lying  on  each 
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side  of  the  end  of  the  intestine.     The  walls  are  formed  of  a  single 
layer  of  epithelium,  as  seen  in  Fig.  369,  B. 

In  the  male  of  the  common  wingless  cricket,  Centhophihin  miiculatnn, 
we  have  discoverpd  what  appears  to  be  a  pair  of  scent-glands  lyitif^ 
directly  over  the  last  alKloiuinal  ganglion.  They  form  two  large 
white  sacs  situated  close  together,  with  a  short  common  duct  which 
passes  back  and  opens  externally  upwards  by  a  transverse  slit  on  the 
under  side  of  the  last  segment  of  the  body. 
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THE  ORGANS  OF  CIRCULATION 

Although  Malpighi  was  the  first  to  discover  the  heart  in  the 
young  silkworm,  it  was  not  until  1826  that  Cams  proved  that  there 
was  a  circulation  of  blood  in  insects,  which  he  saw  flowing  along 
each  side  of  the  body,  and  coursing  through  the  wings,  antenna?, 
and  legs  of  the  transparent  larva  of  Ephemera,  though  three  years 
earlier  Herold  demonstrated  that  the  dorsal  vessel  of  an  insect  is  a 
true  heart,  pulsating  and  impelling  a  current  of  blood  towards  the 
head.  This  discovery  was  extended  by  Straus-DUrckheim,  who  dis- 
covered the  contractile  and  valvular  structures  of  the  heart.  It  is 
noteworthy  that  both  Cuvier  and  Dufour  denied  that  any  circula- 
tion, except  of  air,  existed  in  insects ;  and  so  great  an  anatomist  as 
Lyonet  doubted  whether  the  dorsal  vessel  was  a  genuine  heart, 
though  he  pointed  out  the  fact  that  there  are  no  arteries  and  veins 
connected  with  this  vessel.  Another  French  anatomist,  Marcel  de 
Serres,  thought  that  the  dorsal  vessel  was  merely  the  secreting 
organ  of  the  fat-body. 

The  Bo-called  peritracheal  circulation  claimed  by  Blanchard  and  by  Agassiz  has 
been  shown  by  McLeod  to  be  an  anatomical  impossibility,  the  view  having 
first  been  refuted  by  Joly  in  1849. 

Except  the  aorta-like  continuation  in  the  thorax  and  head  which  divides  into 
two  short  branches,  there  are,  with  slight  exceptions  (p.  405),  no  distinct 
arteries,  such  as  are  to  be  found  in  the  lobster  and  other  Crustacea,  and  no 
f^reat  collective  veins,  such  as  exist  in  Crustacea  and  in  Limulus.  This  is 
probably  the  result  of  a  reduction  by  disuse  in  the  circulatory  system,  since  in 
myriopods  (Julidse  and  Scolopendridie)  lateral  arteries  are  said  to  diverge  near 
the  ostia. 

a.   The  heart 

The  heart  or  "  dorsal  vessel "  is  a  delicate,  pulsating  tube,  situated 
just  under  the  integument  of  the  back,  in  the  median  line  of  the 
body,  and  above  the  digestive  canal.  It  can  be  partially  seen  with- 
out dissection  in  caterpillars.  It  is  covered  externally  and  lined 
within  by  membranes  which  are  probably  elastic ;  and  between  these 
two  membranes  extends  a  system  of  delicate  muscular  fibres,  which 
generally  have  a  circular  course,  but  sometimes  cross  each  other. 
The  heart  is  divided  by  constrictions  into  chambers,  sei)arate(l  l)y 
valvular  folds.  The  internal  lining  membrane  referred  to  forms  the 
valvular  folds  separating  the  chambers.  Each  of  these  chambers 
has,  at  the  anterior  end,  on  each  side,  a  valvular  orifice  (Fig.  370, 
ostium,  ?)  which  can  be  inwardly  closed. 
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Miall  and  Denny  thus  describe  the  diRtrent  layers  of  the  wall  of  the  heart  of 
the  cockroach : 

"  There  are ;  (1)  a  transpareiil,  structureless  iiitiuia,  only  visible  when  Ihronn 
Into  folds  ;  (2)  a  partial  endocardium,  of  scaltereti,  nucleated  cells,  which  passes 
Into  the  interventricular  valves  ;  (3)  a  muscular  layer,  ccnisisting  of  clcse-Bel, 
annular,  and  distant,  longitudinal  fibres.  Tlje  annular  muscles  are  slightly 
Interrupted  at  regular  and  frequent  intervals,  and  are  imperfectly  joined  along 
the  middle  line  above  and  below,  so  as  to  indicate  (wliat  has  been  independently 
proved)  Ihat  the  heart  arises  as  two  half-tubes,  which  afterwards  join  alonjc  the 
middle.  Rli>ngate  nuclei  are  to  be  seen  here  and  there  among  the  muscles.  Tlie 
adventitia  (4),  or  connective  tissue  layer,  is  but  sliglilly  developed  in  the  adult 
cockroach." 

Graber  says  that  the  heart  of  insects  may  be  regarded  not  as  an 
organ  de  voro,  but  only  as  the  somewhat  modihed  contra<itile  dorsal 
vessel  of  the  annelids,  in  whinh,  however,  the  transverse  arteries  aria- 
ing  on  each  aide  became,  with  the  gradual  development  of  the  trachew, 
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BnperfluouB  and  finally  abortive.  He  de.scribes  it  as  a  muscular 
tube  comiHJsed  of  very  delicate  annular  fibres,  which  within  and 
without  is  covered  by  a  relatively  homogeneous,  strong,  elastic 
membrane. 

Tlie  division  into  aeparal*  chambers  is  effected  by  means  o{  a  folding  Inwards 
and  forwards  of  the  entire  muscular  wall.  "A  portion  of  each  side  of  the 
heart  is  first  extended  inwards  so  as  very  nearly  to  meet  a  corresponding  portion 
from  the  opposite  side,  and  then,  being  reflected  backwards,  forma,  according  to 
Straus  (Oonsid.,  etc.,  p.  356),  the  interventricular  valve  which  separates  eAch 
chamber  from  that  which  follows  it.  Posteriorly  to  this  valve,  at  the  anterior 
part  of  each  chamber,  is  a  transverse  opening  or  slit  (Fig.  3T1,  5],  the  iHrimlo- 
venlrkular  ori^Cf,  through  which  the  blood  passes  into  each  chamber,  and 
immediately  behind  it  is  a  second,  but  much  smaller,  temilunar  valve  (c),  which, 
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like  the  first,  is  directed  forwards  int 
Tatves  on  each  alile  that  the  blood  passes  int 
returning  by  the  closing  of  ilie  semilunar 
valve.  When  the  blood  is  passing  into  the 
chamber,  the  interventricular  valve  is 
thrown  back  against  the  side  of  (h«  cavity, 
bat  is  closed  wlien,  by  ilie  contraction  of 
the  tmiisvvrse  DbreH,  the  diameter  of  each 
chamber  is  narrowed,  and  the  blood  is 
forced  along  into  the  next  chamber." 
(Newport.) 

According  to  MUller,  there  is  but  a  single 
pair  of  ostia  in  Phasma,  and,  in  the  larva 
of  Corethrs,  the  heart  is  a  simple,  unjointed 
tube,  not  divided  into  chambers,  and  Vial- 
lanes  states  that,  in  the  very  youri;;  larva 
of  Musca,  there  are  no  ostia  (Kolbf).  In 
llie  larva  of  I'lychoptera,  Grubben  found  a 
short  oval  heart,  with  one  pair  of  ostia 
situated  in  the  Sth  abdominal  .sfgment ;  a 
long  aorta  proceeds  from  It,  the  thoracic 
lM>rtion  of  nliich  pulsates ;  from  behind 
the  liean  arises  a  pul- 
satin^poucli,  which  con- 
nects with  the  hinder 
aorta,  which  does  not 
pulsate,  and  cnd.s  at  the 
base  of  two  traclieal 
gills.  Durnieister  was 
able  to  find  only  four 
pairs  of  openings  in  the 
larva  of  Calosonia. 
Newport  states  that, 
while     Straus     figures 


z  clia 


Me- 


lolontha, 

^uently,  eight  pairs  of 
opening,  he  has  not 
been  able  to  observe 
more  than  aeven  pairs 
of  openliiirs  in  Lncama 

ably  found  ei|j;lit  pairs 

of  openiniiH  both  in  the 

larva     and     imago    of     i[Jll;l!iid't'he'toHrt!'''X'rtl«'i5™ 

Sfihiai  ligjialri.  as  well     ^'  "f  "'*  ™^  "t,'^*  "L"* '! "? 

as  in  other  Lepidnptera.      "hoCJini'tJi'.-'imnirnliiw  abtvr : 
Fio,  ST2.  —  Hmti  of    According  to  D^la-I>ez- 
Boiostomi.  — After    go,  t|ie  number  of  pairs 

of  ostia  corresponds  to     •>•!"•  f**™  N«*|w"- 
that  of  the  pairs  of  atigniata. 

'I'here  also  occur,  on  each  aide  of  each  chamber,  two  so-called  pear-shaped 
bodies  which  are  separated  from  tiie  tubular  portion  of  the  heart  itself,  but,  by 


Fra.  sn.  -   . 


trlcukr  Qpoiilng  and   vaWc 
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means  of  muscular  fibres,  are  united  with  the  chamber  and  with  their  valves. 
These  pyriforin  bodies  appear  as  vesicles  or  cells  with  granular  contents,  besides 
some  nuclei  with  nucleoli.  They  are  of  very  small  size.  According  to  the 
measurements  of  Dogiel,  in  the  larva  of  Corethra  plumicornis,  they  are  0.02  to 
0.1  mm.  long,  and  O.UO  to  0.08  mm.  broad.  He  regards  these  peculiar  bodies  as 
apolar  nerve-cells  of  the  heart.     (Kolbe.) 

Besides  the  venous  openings  of  the  heart  which  open  into  the  pericardial 
region,  Kowalevsky  has  discovered,  in  the  heart  of  some  Orthoptera  (Caloptenus, 
Locusta,  etc.),  five  pairs  of  openings  by  which  the  cardiac  chambers  receive  the 
blood  of  the  peri-intestinal  region.  Graber  had  divided  the  coelom  of  insects 
into  three  regions  (pericardial,  peri-intestinal,  and  perineural  regions),  and 
hitherto  only  a  union  of  the  heart  with  the  pericardial  region  by  slit-like  open- 
ings was  known.  These  openings  are  symmetrically  distributed  on  five  abdomi- 
nal segments ;   each  section  of  the  heart  in  this  region  has,  therefore,  four 

A 


Fio.  878,  —  A,  |>art  of  tho  heart  of  Di/iicim  marginal ita.  showing  the  Aplral  arranfrement  of  the 
muscular  flbrt's ;  c,  dosed,  e,  open,  valv«' ;  r/,  dorsal  dlaphiT^rm  with  interwoven  uiu.scular  flUrv^: 
h,  arrantreinent  of  librcs,  recalling  the  screw-like  features  of  the  fibres  of  the  human  heart ;  t1.  narrow 
end.  B,  dla»rrauinioilc  fljrure  of  the  valvular  openings,  with  the  terminal  flap  (r),  and  the  celhiUr 
valve,  of  a  May  beetle  ;  */,  valvular  opening  of  a  dipterous  larva,  with  the  interventrieular  valve  \h\. 
i\  abdon^en  of  a  mole-cricket,  ventral  view  ;  c,  the  se^menlwl  heart;  a,  aorta;  fr,  set^mented  <lla- 
phragm  under  It.  —  After  Graber. 


openings,  which  are  all  of  a  truly  venous  nature.  These  openings,  called 
cardio-ccelomic  apertures,  are  visible  to  the  naked  eye,  being  situated  on  conical 
papillte  of  the  walls  of  the  heart.  These  papillae  pass  through  the  outer  dia- 
phragm, and  open  into  the  peri-intestinal  part  of  the  ccelom,  in  the  Acrydiida? 
directly,  in  the  Locustid^  through  special  canals.  The  cells  of  the  papillie  are 
spongy,  possessing  large  nuclei,  and  similar,  as  a  whole,  to  glandular  cells, 
(Comptes  rendus,  cxix,  1894.) 

The  mechanism  by  which  the  ostia  are  closed  consists,  according  to  Graber, 
of  an  oo-shaped  muscle  passing  around  the  two  openings,  and  which,  being  inter- 
laced, is  sufficient  to  close  the  openings.  But  this  is  not  all.  The  fore  and 
hinder  edge  of  the  ostia  project,  leaf-like,  into  the  cavity  of  the  heart,  and  thus 
form,  with  the  outer  walls,  two  valves  which,  during  the  systole,  filled  with  the 
blood  rushing  in,  not  only  hermetically  close  the  lateral  openings,  but  also,  by 
the  simultaneous  closure  of  the  entire  chamber  by  the  circular  muscles  in  the 
middle  of  the  same,  the  two  valves,  simultaneously  approaching  each  other,  so 
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nearly  touch  that  they  form  a  transverse  partition  wall  in  the  chamber.  But, 
for  the  last  purpose,  i.e.  for  the  separation  of  the  chambers  from  one  another, 
there  is  a  very  special  contrivance.  In  the  May  beetle,  we  find,  besides  a  valve 
(Fig.  373,  B,  e),  opening  into  the  middle  of  the  chambers,  a  large,  stalked  cell 
Id),  which,  in  the  diastole,  t.e.  in  the  expansion  of  the  heart,  hangs  down  free 
on  the  walls  of  the  heart ;  but,  in  the  systole  or  contraction,  like  a  cork,  closes 
the  middle  of  the  valve,  but  does  not  wholly  close  the  cavity.  He  has  observed, 
in  the  larva  of  Corethra,  formal,  interventricular  valves,  which  also  are  not  in 
the  middle,  but  are  separated  from  one  another  in  the  interlaced  ends.  They 
consist  of  two  longitudinally  membranous  flaps  which  move  against  each  other 
like  two  valves  (Fig.  373,  B,b). 

'*•  But  what  is  the  necessity  for  such  a  complicated  mechanism  ?  All  the 
blood  from  behind  passes  into  the  heart,  and,  for  its  propulsion  a  simple  mus- 
cular tube,  whose  circular  fibres  would  draw  together  and  contract  it,  would  be 
thought  to  be  sufiicient.  But  the  heart,  except  in  some  larvte,  ends  posteriorly 
in  a  blind  sac,  and  the  blood  can  only  pass  into  it  by  a  series  of  paii-s  of  lateral 
openings.  Now,  as  regards  the  reception  and  the  propulsion  of  the  blood 
forwards,  two  modes  are  conceivable.  The  simplest  way  would  be  that  the 
tubular  heart  should,  along  its  whole  length,  contract  or  expand ;  that,  more- 
over, the  blood  should  be  simultaneously  sucked  in  through  all  the  openings, 
and  that  then,  also,  the  contraction,  or  systole,  should  take  place  in  every  part 
of  the  heart  at  the  same  moment.  But  this  would,  plainly,  in  so  long  and  thin- 
walled  a  vessel,  be  highly  impracticable,  since,  through  such  a  manipulation,  the 
mass  of  blood  enclosed  in  the  heart  would  be  crowded  together  rather  than 
really  impelled  forwards.  Only  the  second  case  could  be  admissible,  and  that 
is  this,  that  each  chamber  pulsates,  one  after  another,  from  behind  forwards. 
But,  then,  each  segmental  heart  must  be  separated  from  the  others  by  a  valve. 
To  make  the  matter  wholly  clear,  we  may  observe  an  insect  heart  pulsating,  and 
this  is  best  seen  in  one  of  its  middle  chambers.  This  chamber  expands  (simply 
by  the  relaxation  of  its  circular  muscles),  the  ostia,  also,  consequently  open, 
and  a  given  quantity  of  blood  is  drawn  in  from  the  pericardial  cavity.  What 
now  would  happen  after  the  succeeding  contraction  if  there  were  no  valves 
between  ?    The  blood  would  not  flow  forwards,  but  seek  a  way  out  backwards. 

*'But,  in  fact,  the  valve  of  the  hinder  chamber,  at  this  time,  closes  itself, 
while,  by  the  simultaneous  expansion  of  the  anterior  ones,  their  door  opens,  and 
this  section  of  the  heart,  at  the  same  time,  causes  a  sucking  in  of  the  contents 
of  the  posterior  chamber.  This  phenomenon  is  repeated,  in  the  same  way,  from 
chamber  to  chamber,  which  also  acts  alternately  a,s  ventricle  and  auricle,  or  by 
a  sucking  and  pumping  action.  One  is  involuntjirily  reminded  of  the  ingenious 
manipulation  by  which,  by  the  alternate  opening  and  shutting  of  the  flood-gates, 
a  vessel  is  caiTied  along  a  canal. 

**Thi8  wave-like  motion  of  an  insect's  heart  also  has  the  advantage  that,  just 
before  a  pulae-wave  has  reached  the  chambers  farthest  in  front,  the  hinder  ones 
are  already  prepared  for  the  production  of  a  second,  for,  as  a  matter  of  fact, 
often  60,  and  even  100,  and,  in  very  agile  insects,  150,  waves  pass,  in  a  single 
minute,  through  the  series  of  chambers,  which  make  it  very  difficult  to  follow 
the  flowing  of  their  waves.''     (Graber.) 

The  propulsatory  apparatus.  —  But  the  heart  itself  is  only  a  part  of  the 
entire  propulsatorial  apparatus  to  which  belongs  the  following  contrivance,  the 
nature  of  which  has  been  worked  out  by  Graber. 

Under  the  dorsal  vessel  is  stretched  a  sort  of  roof-like  diaphragm,  i.e.  a 
membrane,  arched  like  the  dorsal  wall  of  the  hind-body  which  is  attached,  in  a 
peculiar  way,  to  the  sides  of  the  body.    The  best  idea  can  be  gained  by  a  cross- 
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section  through  the  entire  body  (Fig.  374) :  H  is  the  true  dorsal  vessel ;  S^  the 
diaphragm.  A  surface  view  is  seen  at  373,  C,  6,  where  it  appears  as  a  plate  with 
the  edge  regularly  curved  outwards  on  each  side.  Its  precise  mode  of  working  is 
thus :  from  each  dorsal  band  of  the  sides  of  the  abdomen  arises  a  pair  of  muscles 
spreading  out  fan-like,  and  extending  to  the  heart,  so  that  the  fibres  of  one  side 
pass  directly  over  to  those  of  the  other,  often  splitting  apart,  or,  between  the 
two,  extends  outwards  a  perforated,  thin  web,  like  an  elastic,  fibrous  sheet 
(Fig.  373,  ^1,  a),  with  numerous  perforations,  forming  a  diaphragm. 

Graber  has  thus  explained  the  action  of  the  pericardial  diaphragm  and  cham- 
ber, as  freely  translated  by  Miall  and  Denny:  "  When  the  alary  muscles  con- 
tract, they  depress  the  diaphragm,  which  is  arched  upwards  when  at  rest  A 
rush  of  blood  towards  the  heart  is  thereby  set  up,  and  the  blood  streams  through 
the  perforated  diaphragm  into  the  pericardial  chamber.  Here  it  bathes  a 
spongy  or  cavernous  tissue  (the  fat-cells),  which  is  largely  supplied  with  air- 
tubes,  and  having  been  thus  aerated,  passes  immediately  forwards  to  the  heart, 

772^  entering  it  at  the  moment  of  diastole, 

which  is  simultaneous  with  the  sinking 
of  the  diaphragm.*^ 

In  the  cockroach,  however,  Miall 
and  Denny  think  that  the  facts  of 
structure  do  not  altogether  justify  this 
explanation:  "The  fenestrte  of  the 
diaphragm  are  mere  openings  without 
valves.  The  descent  of  a  perforated 
non-valvular  plate  can  bring  no  pres- 
sure to  bear  upon  tlie  blooti,  for  it  Is 
not  contended  that  the  alary  musclos 
are  powerful  enough  to  change  the 
figure  of  the  abdominal  rings.  .  .  . 
Tile  diaphragm  ap})ears  to  give  me- 
chanical support  to  the  heart,  resisting 
pressure  from  a  distended  alimentary  canal,  while  the  sheets  of  fat- cells,  in 
addition  to  their  proi)er  pliysioloirical  ofhce,  may  ecjualize  small  local  pressures, 
and  prevent  displacenieni.  The  movement  of  the  blood  towards  the  heart  must 
(we  think)  depend,  not  upon  tlie  alary  muscles,  but  \\\Kn\  the  far  more  ix)werful 
muscles  of  the  abdominal  wall,  and  ui)()n  the  pumping  action  of  the  heart  itself." 
"The  peculiar  office,"  says  (Jraber,  *' performed  by  the  heart  has  already 
been  stated.  It  is  nothing  more  than  a  regulator  ;  than  an  organ  for  directing 
the  blood  in  a  determinate  course  in  order  that  this  may  not  wholly  stagnate,  or 
only  be  the  plaything  of  a  force  acting  in  another  way,  as,  for  example,  through 
that  afforded  by  the  body-cavity  and  the  inner  digestive  canal.  At  regular 
intervals  a  portion  of  the  blood  is  sucked  through  the  same,  and  then  by  means 
of  the  anterior  supply  tube  it  is  pushed  onward  into  the  head,  whence  it  passes 
into  the  cavities  of  the  tissues.  The  different  conditions  of  tension  under  which 
the  mass  of  blood  stands  in  the  different  regions  of  the  body  then  causes  a 
farther  circulation.  Besides  this,  the  blood  passes  through  separate  smaller 
pumping  apparatuses,  and  through  vessel-like  modifications  of  cavities,  also 
through  hollow  spaces  between  the  muscles,  as,  for  example,  in  the  appendages 
where  a  regular  backward  and  forward  fiow  of  the  blood,  especially  in  the  limbfi, 
wings,  antennae,  and  certain  abdominal  appendages  takes  place.  Here  and  there 
may  occasionally  occur  a  narrow  place  where  the  flow  of  blood  is  obstructed  by 
the  accumulation  of  the  blood  corpuscles,  causing  a  considerable  stagnation." 
(Graber.) 


jn 
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Fi«.  874.  —  Dlaffram  of  transvoPM'  >fctlon  of 
iiericardial  i>\nu»  iit  .iKtiipoda  cifniUHrcUM:  //, 
nonrt :  «,  scptiiiii :  #/».  inu.Hck*.'*.  —  llu*  uj»ikt  sus- 
jiens  >ry,  t\n'  lowt-r  alary. —  Alter  (irahi-r,  from 
Sharp."  (See  also  Fig.  3T7.) 


TUE  PULSATING  VESTRAL   SINUS  iM 

The  8npra-spin«]  vessel.  —  In  many  insectsthere  is  a  ventral  heart 

actiug  on  the  heart's  blootl  as  an  aspirator,  or  more  correctly  a 

ventral  sinns  lying  on  the  nervous  cord, 

and  closed  by  a  pulsating  diaphragm. 

This  was  discovered  by  B^aumur  in  the 


a  relliHl  or  r<>1l«iM«il  >utF ;  h  ind  '/.  thv  winR-Hkc, 
tli«  diapWinii  uriH.    £,  xuneln  Acrliltum. 

larva  of  a  fly,  and  by  Graber  in  the 
dragon-fly  and  locusts  (Acrydiidse). 
A  glance  at  Figs.  375  and  .'J76  will 
save  a  long  description.  The  ventral 
wall  forms  a  farrow,  and  between  its 
borders  (Fig.  377,  e)  extends  the  diar 
pliragm.  During  the  contraction  of 
the  nuiscles  —  and  this,  here,  acts 
from  before  backwards  —  the  mem- 
brane rises  up  and  makes  a  cavity 
for  the  blood,  which  passes  back- 
wards over  the  nervous  cord.  The 
dorsal  and  ventral  sinuses  together 
thus  bring  about  a  closed  circulation. 
It  thus  appears  that  the  insects  are 
well  provided  with  the  means  of 
distribution  of  their  luitritive  fluid, 


TiIX^%l'™»iBu.':'rf.^'oSi'»!."   and  that  the  blood  is  kept  continu- 


l."U!jT,"5:S",Cp?i?:i.".b^m;   ally     fresh    and    rich 
rjS'^::^l':^^r^"^''S-r.Z"''-~   (Graber.) 


oxygen. 
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The  aorta.  —  While  the  heart  is  mostly  situated  within  the 
abdomen,  it  is  continued  into  the  thorax  and  the  head  as  a  simple, 
non-pulsating  tube,  called  the  aorta.  In  Sj)hinx  the  aorta,  as  de 
scribed  by  Newport,  begins  at  the  anterior  part  of  the  1st  abdominal 
segment,  where  it  bends  downwards  to  pass  under  the  metaphragma 
and  enter  the  thorax;  it  then  ascends  again  between  the  great 
longitudinal  dorsal  inuscles  of  the  wings,  and  passes  onwards  until 
it  arrives  at  the  posterior  margin  of  the  pronotum;  it  then  again 
descends  and  continues  its  course  along  the  upper  surface  of  the 
(esophagus,  with  which  it  passes  beneath  the  brain,  in  front  of  which 
and  immediately  above  the  pharynx,  it  divides  into  two  branches, 
each  of  which  subdivides.  Newport,  however,  overlooked  a  thoracic 
enlargement  of  the  aorta  called  by  Burgess  the  "aortal  chamber" 
(Fig.  310,  a,  c). 

"In  Sphinx  and  Vanessa  urtica\  immediately  after  the  aorta  has  passed 
beneath  t!ie  cerebrum,  it  gives  off  laterally  two  large  trunks,  which  are  each 
equal  in  capacity  to  about  one-third  of  the  mahi  vessel.  These  pass  one  on 
each  side  of  the  head,  and  are  divided  into  three  branches  which  are  dii-ected 
backwards,  but  have  not  been  traced  farther  in  consequence  of  their  extreme 
delicacy.  Anterior  to  these  trunks  are  two  smaller  ones  which  appear  to  b6 
given  to  the  parts  of  the  mouth  and  antennae,  and  nearer  the  median  line  are 
two  othei-s  which  are  the  continuations  of  the  aorta.  These  pass  upwards,  and 
are  lost  in  the  integument.  The  whole  of  these  parts  are  so  exceediuj^ly 
delicate  that  we  have  not,  as  yet,  been  able  to  follow  them  beyond  their  origin 
at  the  termination  of  the  aorta,  but  believe  them  to  be  continuous,  with  very 
delicate,  circulatory  passages  along  the  course  of  the  tracheal  vessels.  It  is  in 
the  head  alone  that  the  aorta  is  divided  into  branches,  since,  throughout  its 

whole  course  from  the  abdomen,  it  is  one 
continuous  ves.sel,  neither  giving  off  branches, 
nor  possessing  lateral  muscles,  auricular  ori- 
fices, or  separate  chambers."  (Newport,  arL 
Insecta,  p.  978. ) 

Dogiel  observed  in  the  transparent 
larva  of  Corethra  plKmiconu's  that  the 
aorta  extends  only  to  the  hinder  border 
of  the  brain.  Here  it  divides  into  two 
lamellae,  each  of  which  independently 
extends  farther  on.  One  lamella  is 
seen  under  the  brain  and  under  the 
eve,  the  other  reaches  near  the  eve. 
The  lamellae  are  tied  to  the  integument 
b}'  threads.  At  the  point  of  division  of 
the  aorta  is  an  opening.     (Kolbe.) 

True  blood-vessels  appear  to  exist  in  the  caudal  appendages  of  the  May-flies, 
as  the  heart  appears  to  divide  and  pass  directly  into  them  (Fig.  378).     The  last 


Fuj.  .S7s.  —  J,  last  throe  abdotniriHl 
«ejfinent>  and  bases  of  the  fhre*;  caudal 
prooessfH  of  t'io^on  t/ijfierum  :  r,  dor- 
x\\  vi'ssol ;  XV,  ostia  ;  k.  s]»ocial  terminal 
ehamber  of  the  dorsal  vessel  with  ilH 
on  trance  ti :  h,  blood-vessel  of  the  left 
caudal  process.  B,  26th  joint  of  the  left 
caudal  aiipendaffe  from  below :  h,  a  ]k)v- 
tlon  of  the  blood-vessel ;  o,  orillce  in  the 
latter.  — After  Zimmermann,  from  Sharj*. 
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chamber  of  the  heart  diminishes  in  size  at  the  end  of  the  body,  and  then  divides 
into  three  delicate  tubular  vessels  which  pass  into  the  three  caudal  appendages, 
and  extend  to  the  end  of  each  one,  along  the  upper  side.  While  the  valves  of  the 
heart,  in  all  insects,  are  directed  anteriorly  because  the  blood  flows  from  behind, 
in  the  larva  of  the  Ephemeridte  the  valves  of  the  last  chamber  of  the  heart  are 
directed  backwards,  because  from  this  chamber  the  blood  flows  in  the  opposite 
direction,  i.e.  into  the  caudal  appendages.  During  the  contraction  of  the  heart, 
the  elongated  section  of  the  same  in  tlie  last  abdominal  segment  receives  a  part 
of  the  mass  of  blood  contained  in  the  last  chamber,  which  is  driven  by  indepen- 
dent contractions  into  the  caudal  appendages.  These  vessels  have  openings 
before  the  end  through  which  the  blood  enters  into  the  cavity  of  the  appendages, 
and  can  also  pass  back,  in  order  to  be  taken  up  by  the  body  cavity.  It  is  pos- 
sible tliat  these  blood-vessels  stand  in  direct  relation  to  respiration.  (Zimmer- 
mann,  Creutzburg,  in  Kolbe,  p.  544.) 

The  pericardial  cells.  —  Along  the  heart,  on  both  sides,  occur  the  so-called 
pericardial  cells,  which  differ  from  the  fat-cells,  and  also  the  peritracheal  cells 
of  Frenzel,  and  are  mostly  arranged  in  linear  series,  which  have  a  close  relation 
to  the  circulation  of  the  blood.  In  the  larva  of  Chironomus,  they  lie  in  groups  ; 
in  that  of  Culex,  they  are  arranged  segmentally.  In  caterpillars,  these  pericar- 
dial cells  are  not  situated  in  the  region  of  the  heart,  but  are  arranged  linearly 
on  the  side,  and  form  a  network  of  granulated  cells  situated  between  the  fat- 
bodies.  Other  rows  of  these  cells  are  situated  near  the  stigmata  and  the  main 
lateral  trachete.     (Kolbe.) 

According  to  Kowalevsky,  the  pericardial  cells,  and  the  garland-shaped,  cellu- 
lar cord  consist  of  cells,  whose  function  it  is  to  purify  the  blood,  and  to  remove 
the  foreign  or  injurious  matters  mingled  with  the  blood. 

Ampulla-like  blood  circulation  in 
the  head.  —  In  the  head  of  the  cock- 
roach occurs,  according  to  Pawlowa, 
a  contractile  vascular  sap  at  the  base 
of  each  antenna.  The  cavity  has  a 
valvular  communication  with  the 
blood  space  below  and  in  front  of 
the  brain,  and  muscle-fibres  effect 
systole  and  diastole.  Each  sac  is 
beyond  doubt  an  independently  ac- 

tivp   narr   nf   thp   pirrnlatnrv  <5vstpm  Fig.  879. —Dfairrain  of  the  circulatory  organs  in 

UVe   part  OI    ine   CircUiaior>    S}Siem.     the  head  of  the  cookrowh,  s^-on  from  above  :  ^l.um- 

These  organs  also  occur  in  Locusta     pulla ;  r,  antennal  vessel ;  JA  chief  mupcular  cord  ; 

and  nfhpr  AprvHiirljP  aiul  SpIva.-  »".  m»'»<'«l«"*  l>an'i :  A«,  wall  of  the  bloo<l  sinus ; 
ana    Otner     ACr> auase,     ana    r>eiva-     an*,  opening  of  the  aorta  (*M;   rf?,  anterior  Kviniia- 

tico  has  described  similar  structures     thetlc  or  vlsceml  panKllon  ;  hff,  hinder  visceral  pan- 

in  Tiombyx  mori  and  certain  oti.er  fo]  ^f^  ^M^u:^^k<^^^^^^"'' 
Lepidoptera. 

Pulsatile  organs  of  the  legs.  — Accessory  to  the  circulation  is  a  special  system 
of  pulsatile  organs  in  the  three  pairs  of  legs  of  Nepid.Te,  generally  situated  in  the 
tibia  just  below  its  articulation  with  the  femur,  but  in  the  fore  legs  of  Ranatra, 
in  the  clasp-joint  or  tarsus,  just  below  its  articulation  with  the  tibia.  First 
observed  by  Behn  (1835),  Locy  has  studied  the  organ  (Fig.  380)  in  Corixa, 
Notonecta,  Gerris,  besides  the  Xepidje.  It  is  a  whip-like  structure .  attached  at 
both  ends,  with  fibres  extending  upward  and  backward  to  the  integument  of  the 
leg,  separate  from  the  muscular  fibres  and  does  not  involve  them  in  its  motions, 
and  is  not  affected  by  the  muscles  themselves.  **  As  the  blood-corpuscles  flow 
near  the  pulsating  body  they  move  faster,  and  around  the  organ  itself  there  is  a 
whirlpool  of  motion.  ^^     The  beating  of  these  organs  aids  the  circulation  in  both 
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directions,  and  when  the  motion  ceases,  the  blood-currents  in  the  legs  stop ;  the 
rate  of  the  pulsating  organ  is  always  faster  than  that  of  the  heart,  and  the  action 
is  automatic. 

b.  The  blood 

The  blood  of  insects,  as  in  other  invertebrates,  differs  from  that  of 
the  higher  animals  in  having  no  red  corpuscles.  It  is  a  thin  fluid,  a 
mixture  of  blood  (serum)  and  chyle,  usually  colorless,  but  sometimes 
yellowish  or  reddish,  which  contains  pale  amoeboid  corpuscles  corre- 
sponding to  the  white  corpuscles  (leucocytes)  of  the  vertebrates, 
though  they  are  relatively  less  numerous  in  the  blood  of  insects. 
The  yellow  fluid  expelled  from  the  joints  of  certain  beetles  (Cocci- 
nella,  Timarcha,  and  the  Meloidse)  is,  according  to  Leydig,  only  the 
serum  of  the  blood.  In  phytophagous  insects  the  blood  is  colored 
greenish  by  the  chlorophyll  set  free  during  digestion.  The  blood  of 
Deilephila  euphorbia  is  colored  an  intense  olive-green,  and  that  of 
C08SUS  ligniperda  is  pale  yellow.  (Urech.)  The  blood  of  case-worms 
(Trichoptera)  is  greenish.  In  some  insects  it  is  brownish  or  violet. 
The  serum  is  the  principal  bearer  of  the  coloring  material,  yet 
Graber  has  shown  that  in  certain  insects  the  corpuscles  are  more  or 
less  beset  with  bright  yellow  or  red  fat-globules,  so  as  to  give  the 
same  hue  to  the  blood. 

The  leucocytes.  —  The  corpuscles  are  usually  elongated,  oval,  or 
flattened  oat-shaped,  with  a  rounded  nucleus,  or  are  often  amoibi- 
form;  and  they  are  occasionally  seen  undergoing  self-division. 
AVhen  about  to  die  the  corpuscles  become  amoibif orm  or  star-shaped. 
(Cattaneo.)  Their  number  varies  with  the  developmental  stage  of 
the  insect,  and  in  larvae  increases  as  they  grow,  becoming  most 
abundant  shortly  before  pupation.  The  blood  diminishes  in  quantity 
in  the  pupal  stage,  and  becomes  still  less  abundant  in  the  imago. 
(Landois.)  The  quantity  also  varies  with  the  nutrition  of  the 
insect,  and  after  a  few  days'  starvation  nearly  all  the  blood  is 
absorbed.  Crystals  may  be  obtained  by  evaporating  a  drop  of  the 
blood  without  pressure ;  they  form  radiating  clusters  of  pointed 
needles.  The  freshly  drawn  blood  is  slightly  alkaline.  (Miall  and 
Denny.) 

The  size  of  the  corpuscles  has  been  ascertained  by  Graber,  who  found  that  the 
diameter  of  the  circular  blood-disks  of  the  leaf-beetle,  Lina  popvlU  is  0.006  mm. ; 
of  Cetonia  aurata  and  Zabrus  gibhtts,  0.008  to  0.01  mm. ;  and  those  of  certain 
Orthoptera  (Decticus  vemtcivorus^  Ephippiger  vitium  and  (Edipoda  ccerulescens, 
0.011  to  0.014  mm.  The  longest  diameter  of  the  elongated  corpuscles  of  Carabus 
rancellatus  is  0.008  mm.;  of  Grylliis  campestris,  Locusta  viridissima,  Cossua 
ligniperda,  Sphinx  ligustri  (pupa),  and  others,  0.008  to  0.01  mm.;  of  Caloptemta 
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italicus,  Saturnia  pyriy  Anax  formosus,  and  others,  0.011  to  0.014  mm.;  of 
Ephippiger  vitium^  (Edipoda  ccerulescens^  PezoteXtix  mendax,  Zubrns  f/ibbus, 
Phryganea,  and  others,  0.012  to  0.022  mm. ;  in  St€7iobothrus  donatus  and  varia- 
biUs^  0.012  to  0.035  mm.  The  largest  known  are  those  of  Melolontha  vulgarU^ 
which  measure  from  0.027  to  0.03  mm. 

As  regards  the  nature  of  the  corpuscles,  Graber  concludes  that  they 
are  more  like  the  cells  of  the  fat-bodies  than  genuine  cells.  That 
they  are  not  true  cells  is  shown  by  the  fact  that  after  remaining  in 
their  normal  condition  a  long  time  they  finally  coalesce  and  form 
cords.     After  shrivelling,  or  after  the  blood  has  been  subjected  to 
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Fir,.  881.  —  Blood  curpuwlof*,  or  loncooytcs,  of  Insects  :  .1,  a-g^  of  Sieuohothrn^  dormUtM  (tb< 
same  forms  occur  in  most  Orthoptera  and  in  other  insects).  B,  ri,  leucocyte  of  the  «inie  insect  with 
the  nucleus  brought  out  by  ether;  h,  another  of  serpentine  shape.  (\  leiic«»cytes  of  the  same  insi'ct 
alter  a  lon^fcr  stay  In  ether.  />,  leucocytes  of  the  same  after  beinf^  In  glycerine  14  days.  —After 
Graber. 

different  kinds   of  treatment,  the   nucleus  is   clearly  brought  out 
(Fig.  381). 

Besides  the  blood  corpuscles  there  have  been  detected  in  the  blood 
round  bodies  which  are  regarded  as  fat-cells.  They  are  circular,  and 
for  the  most  part  larger  than  the  blood  corpuscles,  have  a  sharp, 
even,  dark  outline,  and  an  invariably  circular  nucleus.     (Kolbe.) 

The  blo(xi  of  Meloe,  besides  the  amoeboid  corpuscles,  according  to  Cu^not, 
contains  abundant  fibrinofjen,  which  forms  a  clot ;  a  pigment  (uranidine),  which 
is  oxidized  and  precipitated  when  exposed  to  the  air ;  a  di.ssolved  albuminoid 
(hjemoxanthine),  which  has  both  a  respiratory  and  nutritive  function;  and, 
finally,  dissolved  cantharidine. 

The  corpuscles  arise  from  tissues  which  are  very  similar  to  the  fat-bodies, 
and  which,  at  given  times,  separate  into  cells.  The  position  of  these  tissues  is 
not  always  the  same  in  different  insects.  In  caterpillars,  they  occur  in  the 
thorax,  near  the  germs  of  the  wings  ;  in  the  saw-flies  (Lyda),  in  all  parts  of  the 
thorax  and  abdomen  ;  in  larval  flies  (Musca),  in  the  end  of  the  abdomen,  just  in 
front  of  the  large  terminal  stigmata.  The  place  where  the  blood  coipuscles  are 
fonned  is  usually  near,  or  in  relation  with,  the  fat-bodies.     But  while  the  fat- 
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bodies  mostly  serve  as  the  material  for  the  formation  of  the  blood-building 
tissues,  in  caterpillars  the  tracheal  matrix  also,  and,  in  dipterous  larva?,  the 
hypodermis  serve  this  purpose.  (Cajsar  Schaeffer  in  Kolbe.  See  also  Wielo- 
wiejski,  Ueber  das  Blutgewebe.) 

Other  substances  occur  in  the  blood  of  insects.  Landois  (1864)  demonstrated 
the  existence  of  egg  albumen,  globulin,  fibrin,  and  iron  in  the  blood  of  caterpil- 
lars. Poulton  found  that  the  blood  of  caterpillars  often  contained  chlorophyll 
and  xanthophyll  derived  from  their  food  plants.  A.  G.  Mayer  has  recently 
found  that  the  blood  (haemolymph)  of  the  pupae  of  Saturniidse  {Callosamia  pro- 
methed)  contains  egg  albumin,  globulin,  fibrin,  xanthophyll,  and  orthophos- 
phoric  acid,  and  Oenslager  has  determined  that  iron,  potassium,  and  sodium  are 
also  present.     (Mayer.) 

c.  The  circulation  of  the  blood 

Every  part  of  the  body  and  its  appendages  is  bathed  by  the  blood, 
whictli  circulates  in  the  wings  of  insects  freshly  emerged  from  the 
nymph  or  pupal  state,  and  even  courses  through  the  scales  of  Lepi- 
doptera,  as  discovered  by  Jaeger  (Isis,  1837). 

In  describing  the  mechanism  of  the  heart  we  have  already  con- 
sidered in  a  general  way  the  mode  of  circulation  of  the  blood. 

The  heart  pumping  the  blood  into  the  aorta,  the  nutritive  fluid 
passes  out  and  returns  along  each  side  of  the  body ;  distinct,  smaller 
streams  passing  into  the  antennae,  the  legs,  wings  (of  certain  insects), 
and  into  the  abdominal  appendages  when  they  are  present.  All 
this  may  readily  be  observed  in  transparent  aquatic  insects,  such  as 
larval  Ephemera*,  dragon-flies,  etc.,  kept  alive  for  the  purpose  under 
the  microscope  in  the  animalcule  box. 

C'arus,  in  1827,  first  discovered  the  fact  of  a  complete  circulation 
of  the  blood,  in  the  larva  of  Ephemera.  He  saw  the  blood  issuing  in 
several  streams  from  the  end  of  the  aorta  in  the  head  and  returning 
in  currents  which  entered  thfe  base  of  the  antennae  and  limbs  in  which 
it  formed  loops,  and  then  flowing  into  the  abdomen,  entered  the  pos- 
terior end  of  the  heart.  Wagner  (Isis,  1832)  confirmed  these  obser- 
vations, adding  one  of  his  own,  that  the  blood  flows  backward  in 
two  venous  currents,  one  at  the  sides  of  the  body  and  intestine,  and 
the  other  alongside  of  the  heart  itself,  and  that  the  blood  not  only 
entered  at  the  end  of  the  heart,  but  also  at  the  sides  of  each  seg- 
ment, at  the  position  of  the  valves  discovered  by  Straus-DUrckheim. 

Newport  maintains  that  the  course  of  the  blood  is  in  an}-  part  of 
the  body,  as  well  as  in  the  wings,  almost  invariably  in  immediate 
connection  with  the  course  of  the  trachet^,  for  the  reason  that  "  the 
currents  of  blood  in  the  body  of  an  insect  are  often  in  the  vicinity 
of  the  great  tracheal  vessels,  both  in  their  longitudinal  and  trans- 
verse direction  across  the  segments." 
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The  circulation  of  the  blood  in  the  wings  directly  after  the  e 
tion  of  the  nymph  or  pupa  skin,  and  before  they  become  dry,  has 
been  proved  by  several  observers.  As  stated  by  Newport,  the  so- 
called  "  veins  "  or  "  nervines  "  of  the  wings  consist  of  traches  lying 
in  a  hollow  cavity,  the  peritracheal  space  being  situated  chiefly  luider 
anil  on  each  side  of  the  trachea. 

Newport  gives  the  following  suminary  of  the  observations  of  the  eariy  ob. 
servers,  to  which  we  add  the  observations  of  Mosetey.  "A  motion  of  tlir 
fluids  has  been  seen  bv 
Cams  ill  wings  of  recently 
developed  Libel  luUdx, 
Ephemera  liitea  and  £, 
ninrifinRfa,  and  Chrytopa 
peria;  among  the  Coie- 
optera,  in  the  elytra  and 
v/'ingfiot  Lampffrig  itnlica 
and  L.  Kplendldnln.  3t'- 
K  lolvnlka  toliaitiaHa  and 

*  Dytlscua."       EhrenbeTg 

saw  it  in  Mantis,  and 
Wagner  in  the  young  of 
Nepa  finerta  and  C'lni" 
leetulariui.  Cania  de- 
tected a  circulatiim  in 
the  pupal  wingH  of  some 
Lepidoplera,  and  Bow- 
erbank  witnessed  it  in  » 
Noctuid  (PkUtgophom 
^  metiriUoMa)  ;    Bunneisif  r 

„  observed  it  in    Erirlnii' 

tenax  and  E.  nrmona, 
add  Mr.  Tyrrel  in  Malta 
domettira,  but  it  has  noi 
been  observed  in  the 
winfts  of  Hyinenopteni. 

Bowerbauk  obseri'ed 
that  in  the  lower  wins 
of  Chrgtopa  prrla  liie 
blood  passes  from  the 
base  of  the  wins  aU^E 
Fio.  SM.  -  (.■IrrulsHon  of  llir  bl.-«l  In  hind  »li«  uf  frrl-       T^         .  ,  f  , 

C«rta  ariiHliilh:  Ihe  ammn  Indlmli'  the  ui>u*l  dlrrfllan  uf  th>-     the     costal,     post-co^lll. 
Kirurwiiu.  — Afi*r  M..wl».v.  and  eitenio-medial  veins, 

outwards  to  the  apex  oi 
the  wing,  giving  off  smaller  currents  in  il«  course.  aii<l  that  it  returns  aloiiE 
the  anal  vein  to  the  thorax.  He  found  that  the  larger  veins,  ^f^i  in.  in  diaDV 
eter,  contained  tracheie  whicb  only  measured  t^'i;  of  an  inch  in  diameter; 
but  in  others  tlie  tracbete  measured  \^^,  while  the  cavity  measured  only  ^h 
of  an  inch.  He  states,  also,  that  the  tracheae  very  rarely  give  off  bnuicht* 
while  passing  along  the  main  veins,  and  that  they  lie  along  the  canals  in  ■ 
tortuous  course.     (Newport,  art.  Insects,  p.  9B0.) 

Bowerbank,  also,  in  bis  observations  on  the  circulation  in  the  wings  of  Chiy- 
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BOpa,  "  osed  ever;  endeavor  to  diBCDver,  if  possible,  whetber  the  blood  has  proper 

ve&BelH,  or  only  occupied  the  internal  cavities  of  the  canals ;  and  that  tie  Is  con- 
vinced that  the  latter  is  the  case,  as  he  could  frequently  perceive  the  particles 
not  only  surrounding  all  parts  of  the  tracbex.  acid  occupying  the  whole  of  Uie 
internal  diameter  of  the  canals,  but  that  it  freqaentif  happens  that  globules 
rxperienced  a  momentary  stoppage  in  their  progress,  occasioned  by  their  friction 
nj^inst  the  curved  surface  of  the  trachete,  which  sometimes  gave  them  a  rotatory 

Moseley  found,  ovfing  to  the  large  size  and  number  of  the  corpuscles,  that  the 
circulation  of  the  blood  in  the  wings  of  insects  is  most  easily  observed  in  the 
cockroach,  especially  the  hind  wings.  As  seen  in  Moseley's  figure,  the  blood 
flows  outward  from  the  body  through  the  lai^er  veins  (1  and  II)  of  the  front 
edge  of  the  wings,  which  he  calls  the  main  arteries  of  the  wings,  and  more 
generally  returns  to  the  body  through  the  veins  in  the  middle  of  the  wing;  the 
blood  also  flows  out  fi'om  the  body  tiirougb  the  inner  longitudinal  veins  (those 
behind  vein  IV),  and  the  blood  is  also 
seen  to  flow  through  some  of  the 
small  cross-veins.  Fig.  383  shows  one 
of  Uie  main  trunks  during  active  cir- 
culation. The  corpuscles  change  their 
form  readily,  "the  spindle-shaped  ones 
doubling  up  in  order  to  pass  crosswaya 
throiigha  narrow  aperture.  ...  In  the 
infgularly  formed  corpuscles,  which 
seem  to  represent  leucocytes,  ainoiboid 
movements  were  observed.  .  .  .    Cor-  *r  .«"» 

puscles  pass  freely  above  and  under 
the  traclieie,  showing  that  these  latter 
lie  free  in  the  vessels."  The  hypo- 
deruiis  lining  the  vessels  is  best  seen 
in  ilie  small  transverse  veins. 

The  pulse  or  lieart-beat  of 
insects  varies  in  ra.])i(lity  in  dif- 
ferent insects,  rising  at  times  of        ,  r  * 

excitement,  as  Newport  noticed       Fm.  sss.  — Parw  of « vdn  "f  iup  o-^kroach, 
ill  Authophora  return,  to  142  beats  wr°7^°fwo^"cunraKk-».'-A(uVji'i'.Kiey^ 
in  a  minute. 

When  an  insect,  as,  for  example,  a  tineid  caterpillar,  has  been  en- 
closed in  a  tight  box  for  a  day  or  moi-e,  the  ptilsations  of  tlie  heart 
are  veiy  langviid  and  slow,  but  soon,  on  giving  it  air,  the  pulsations 
will,  as  we  have  observed,  rise  in  frequency  to  about  60  a  niiniite. 
Herold  observed  30  to  40  in  a  minute  in  a  fully-grown  silkworm, 
and  from  46  to  48  in  a  mtich  younger  one.  Suckow  observed  but  30 
a  minute  in  a  full-grown  caterpillar  of  OaMrofacka  pini,  and  18  only 
iu  its  pupa. 

In  a  series  of  observations  made  by  Newport  on  Sphiia:  liguitri  from  the 
fourth  day  after  hatching  from  the  egg  until  the  perfect  Insect  wae  developed, 
he  found  that  before  the  larva  cast  its  first  skin  the  mean  number  of  pulsations, 
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in  a  state  of  moderate  activity  and  quietude,  was  about  82  or  83  a  minute  ;  be- 
fore the  second  moult  89,  wliile  before  the  third  casting  it  liad  sunk  down  to  63 ; 
and  before  its  fourth  to  45,  while,  before  leaving  its  fourtli  stage,  and  before  it 
had  ceased  to  feed,  preparatory  to  pupating,  the  pulse  was  not  more  than  3y. 
"■  Thus  the  number  gradually  decreases  during  the  growing  larva  state,  but  the 
force  of  the  circulation  is  very  much  augmented.  Now  when  the  insect  is  in  a 
state  of  perfect  rest,  previously  to  changing  its  skin,  the  number  is  pretty  nearly 
equal  at  each  period,  being  about  30.  When  the  insect  has  passed  into  the  pupa 
state  it  sinks  down  to  22,  and  subsequently  to  10  or  12,  and  after  that,  during 
the  period  of  hibernation,  it  almost  entirely  ceases.  But  when  the  same  insect 
which  we  had  watched  from  its  earliest  condition  was  developed  into  the  perfect 
state  in  May  of  the  following  spring,  the  number  of  pulsations,  after  the  insect 
had  been  for  some  time  excited  in  flight  around  the  room,  amounted  to  from  110 
to  139 ;  and  when  the  same  insect  was  in  a  state  of  repose,  to  from  41  to  50. 
When,  however,  the  great  business  of  life,  the  continuation  of  the  species,  has 
been  accomplished,  or  when  the  insect  is  exhausted,  and  perishing  through 
want  of  food  or  other  causes,  the  number  of  pulsations  gradually  diminishes, 
until  the  motions  of  the  heart  are  almost  imperceptible."  Insects,  then,  he  re- 
marks, do  not  deviate  from  other  animals  in  regard  to  their  vital  phenomena, 
though  it  has  been  wrongly  imagined  that  the  luitrient  and  circulatory  functions 
are  less  active  in  the  perfect  than  in  the  larval  condition. 

The  heart  of  a  larval  Gastrns  equi  taken  the  day  previous  from  a  horse's 
stomach  beat  from  40  to  44  times  a  minute  (Scheiber)  ;  while  Schroder  van  der 
Kolk  obsei*ved  only  30  beats  in  the  same  kind  of  maggot. 

In  the  larva  of  Corethra,  while  at  rest,  the  heart  contracts  from  12  to  10  or  18 
times  a  minute,  but  when  active  the  number  rises  to  22.  The  systole  and  dia- 
stole last  from  5  to  6  minutes.     (Dogiel.) 

Temperature  also  affects  the  pulsations,  as  they  increase  in  frequency  with 
a  rise  and  decrease  with  a  fall  in  temperature. 

Influence  of  electricity. — The  influence  of  electricity  on  the  action  of  the 
insect*s  heart,  from  DogiePs  experiments,  is  such  as  to  cause  an  acceleration  in 
the  frequency  of  the  beats,  while  an  increase  in  the  strength  of  the  electric  cur- 
rents either  diminishes  the  frequency  of  the  beats  or  entirely  stops  the  heart's 
action.  A  violent  excitation  with  the  induction  current  causes  a  systole  when 
the  hearths  action  has  stopped  for  a  long  time  ;  and  if  the  excitation  lasts  unin- 
terruptedly, then  the  contractions  after  a  while  become  noticeable,  according  to 
the  strength  of  the  current.  In  such  a  case  there  are,  however,  interruptions 
in  the  regularity,  strength,  and  order  of  the  contractions.     (Kolbe.) 

Effects  of  poisons  on  the  pulsations.  —  Dogiel  has  also  experimented  on  the 
influence  of  poisons  in  th^  form  of  vapor  or  as  liquid  solutions  on  the  pulsations 
of  insects,  which  is  much  as  in  vertebrates.  The  application  of  carbonic  oxide 
to  the  larva  of  Corethra,  whose  heart  one  minute  previous  to  the  poisoning  beat 
15  times  a  minute,  accelerated  the  heart-beats  in  about  55  minutes  to  25  pulsa- 
tions in  a  minute.  Afterwards  there  was  a  retardation  in  the  pulse  to  the  nor- 
mal beat.    Carbonic  acid  had  a  similar  effect. 

The  following  results  obtained  by  Dogiel  are  somewhat  as  tabulated  by 
Kolbe :  — 

I.   Substances  which  cause  the  pulsations  of  the  heart  to  accelerate. 

a.  An  induction  current  of  electricity,  c7.  Oxalic  acid,  acting  feebly. 

acting  teebly.  e.  Carbolic  acid,  acting  feebly. 

6.  Ammonia,  acting  feebly.  /.  Potassium  nitrate,  acting  feebly, 

c.   Ethyl  ether,  acting  feebly.  g.  Aconite,  acting  feebly. 


INDEPENDENT  MOTION  OF  THE  LEUCOCYTES      413 

II.  Substances  retarding  the  hearths  action. 

a.  An  induction  current  of  electricity,  h.  Aconitine,  acting  energetically. 

acting  energetically.  t.   Potassium  nitrate,  acting  energeti- 

h.  Ammonia,  acting  energetically.  cally. 

«.  Ethyl  ether,  acting  energetically.  g.  Ethyl  alcohol. 

d.  Oxalic  acid,  acting  energetically.  h.  Chloroform. 

e.  Carbolic  acid,  acting  energetically.  i.   Carbonic  oxide. 
/.  Veratrine,  acting  energetically.  j.  Carbonic  acid. 

g.  Atropine,  acting  energetically.  k»  Sulphuretted  hydrogen. 

III.  Substances  whose  action  is  indifferent. 

1.  Muscarine.         2.  Curare.         3.  Atropine,  acting  slowly.         4.  Strychnine. 

The  above-named  substances  comprise  those  which  in  the  vertebrates  effect 
a  change  in  the  activity  of  the  motor  nerve-ganglia  of  the  heart  and  the  muscu- 
lar fibres.  Hence  it  follows  that  the  heart  of  the  larval  Corethra  consists  of 
muscular  fibres  provided  with  ganglia,  and  that  the  contractions  of  the  muscu- 
lar fibres  are  provoked  through  the  agency  of  the  ganglia.  But  since  muscarine, 
atropine,  and  curare,  whose  influence  in  stopping  the  heart's  action  of  verte- 
brates is  known,  in  insects  either  have  no  action  or  only  make  the  pulsations 
slower ;  it  seems  to  follow  that  the  heart  of  the  larval  Corethra  possesses  no 
similar  apparatus  for  lessening  the  heart's  action,  and  this  is  also  confirmed  by 
anatomical  studies.  On  the  contrary,  aconite  acts,  as  we  must  from  observations 
conclude,  exclusively  on  the  motor  centres  and  the  muscles,  but  not  on  the  ap- 
paratus for  lessening  the  heart's  action,  which,  as  has  been  remarked,  is  not 
present  in  the  larval  Corethra.     (Kolbe  ex  Dogiel.) 

Dewitz  has  discovered  an  onward  movement  of  the  blood  corpuscles,  some- 
what independent  of  the  general  circulation.  This  independent  motion  of  the 
blood  corpuscles  is  not  only  a  creeping  one  like  the  amoeboid  motion  of  the  white 
corpuscles  of  vertebrates,  but  they  have  besides  a  peculiar  swimming  movement. 
Dewitz  noticed  this  in  the  hind  wings  of  a  recently  emerged  meal-worm  beetle 
(  Tenebrio  moUtor)^  still  white  and  soft,  after  they  had  been  cut  off.  The  tissues 
forming  the  matrix  within  the  wings  constitute  a  network  filled  with  blood. 
The  current  of  blood  within  the  wing  thus  cut  off  may  be  stopped  flowing  by  a 
tap  on  the  firmly  clamped  object-bearer  on  which  the  wing  is  placed,  or  by 
drawing  it  by  an  apparatus  described  by  the  same  author,  to  incite  in  one  way 
or  another  the  blood  corpuscles  to  swim  forwards.  When  a  corpuscle  is  disposed 
to  move,  we  see  it  first  stirring  restlessly,  or  wabbling  about,  in  this  way  chang- 
ing its  form;  then  it  moves  forwards,  and  does  not  come  to  a  standstill.  If  it 
remains  still  there,  after  a  while,  by  tapping,  it  begins  again  its  movements. 

**  Should  one  yet  doubt  the  fact  of  this  spontaneous  movement  of  the  blood 
corpuscles,  he  will  surely  be  convinced  of  its  correctness  by  observing  the  so-to- 
speak  reluctantly  springing  motion  of  a  blood  corpuscle  in  the  wing  of  Tenebrio 
molitor  with  the  simultaneous  change  of  appearance  and  shape  of  the  corpuscle." 

This  spontaneous  or  independent  motion  of  the  blood  corpuscles  is  also  pro- 
duced by  the  heating  apparatus.  As  soon  as  the  corpuscles  lie  still  in  the 
sevei'ed  wing  and  they  are  warmed,  the  corpuscles  begin  to  pass  through  the 
meshes  of  the  tissue.  When  cooled,  the  motion  ceases,  but  as  soon  as  the  tem- 
perature rises  to  a  certain  grade,  the  corpuscles  again  move  onwards. 

To  explain  this  independent  motion  Dewitz  thinks  that  they  take  up  and  then 
expel  the  blood-fluid,  and  in  this  way  cause  their  motion.  This  Independent 
motion  is  necessitated,  in  order  that  the  stream  of  blood  may  become  so  regu- 
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lated,  that  the  blood  corpuscles  shall  not  be  arrested  in  their  course,  but  e^en 
turn  back  again  out  of  the  farther  end  of  the  antennee  and  limbs.  The  chief 
mechanical  power  for  the  blood  circulation  must  go  on  independently  of  the 
propulsatorial  apparatus  and  of  the  heart.    (Kolbe.) 
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THE  BLOOD  TISSUE 

Under  this  narae  Wielowiejski  has  included  several  important 
tissues  or  cellular  bodies  intimately  concerned  with  the  nutrition  of 
the  insect.     These  are :  — 

1.  The  blood  corpuscles.     (See  p.  407,  leucocytes  and  phagocytes.) 

2.  The  fat-body  proper  {Corpus  adiposum), 

3.  The  pericardial  fat-body  (pericardial  cells). 

4.  The  oenocytes. 

5.  The  garland-shaped  cord  of  muscid  larvae. 

6.  The  suboesophageal  body,  a  peculiar  organ  found  by  Wheeler 
in  the  embryos  and  young  larvae  of  Blatta  and  Xiphidium. 

7.  The  phosphorescent  organs. 

a.  The  fat-body 

In  the  body  cavity  of  winged  insects  and  of  their  larvae  occur 
yellowish  masses  of  large  cells  filled  with  small  drops  of  fat,  and 
forming  the  "  fat-body."  It  is  of  various  shapes,  more  or  less  lobu- 
lated  or  net-like,  and  covers  or  envelops  parts  of  the  viscera,  also 
forming  a  layer  under  the  integument  (Fig.  143).  The  tracheal 
endings  are  usually  enveloped  by  the  fat-body.  It  is  larger  in  the 
larvae  than  in  the  adults,  especially  in  Lepidoptera,  in  them  forming 
a  reserve  of  nutrition,  used  during  metamorphosis  and  during  the 
formation  and  ripening  of  the  eggs  and  male  cells. 

Wielowiejski  has  shown  that  there  is  a  regular  arrangement  of  the  fat-body  in 
the  general  cavity  of  the  body.  For  example,  in  the  larva  of  Chironomus 
occur  the  following  forms  of  this  tissue.  Around  the  periphery,  on  each  side  of 
the  body  cavity,  is  a  loose  network  of  lobes  with  large  meshes  constituting  the 
peripheral  layer  or  external  lobular  fat-body ;  these  lobular  masses  are  seg- 
mentally  arranged. 

Within  these  segmental  lobes,  on  each  side  of  and  along  the  digestive  tract, 
extending  along  through  almost  the  entire  body,  is  an  unbroken  strand  of  this 
tissue,  forming  the  internal  fat-body  cords.  From  the  first  larval  stage,  and 
even  before  hatching,  its  cells  are  so  unusually  large,  being  filled  with  large, 
clear,  mostly  colorless  fatrdrops,  that  their  limits  cannot  be  defined,  and  their 
nuclei  can  only  with  great  difficulty  be  detected.  Only  in  some  large  larvae  of 
Chironomus  has  Wielowiejski  found  clearly  defined  cells ;  the  protoplasm  of 
these  cells  contain  almost  no  fat-drops. 

The  fat-body  is  of  mesodermal  origin,  and  as  Wheeler  insists,  is  not  derived 
from  the  oenocytes,  as  supposed  by  Graber.  Formed  from  the  mesoderm,  it  is  a 
differentiation  of  portions  of  the  coelomic  walls,  and  therefore  metameric  in 
origin.  That  the  fat-body  gives  origin  to  the  blood  corpuscles  Wheeler  is  doubt- 
ful. 
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This  tissue,  adds  Kowalevsky,  entirely  differs  from  oenocytes,  or  from  the  so- 
called  glandular  body  whose  formation  in  Gryllotalpa  has  been  described  by 
Korotaiev,  and  in  Rombyx  mori  by  Tichouiirofif.  In  a  recent  work  wherein  has 
been  collected  everything  known  regarding  these  last-named  cells,  P6karsky 
proves  that  they  are  unique  in  nature  and  cannot  be  regarded  either  as  fat-cells, 
or  as  pericardial  cells,  or  even  as  formative  leucocytes. 

As  to  the  structure  of  the  pericardial  cells,  Kowalevsky  adds  that 
they  are  always  attached  to  muscular  fibres  passing  off  from  the 
heart,  and  that  they  lie,  so  to  speak,  upon  them.  In  the  locusts  the 
muscular  fibres  supporting  the  pericardial  cells  appear  distinctly 
like  little  staves  or  sticks.  The  attachment  of  the  pericardial  cells 
to  the  muscular  fibres  has  been  observed  by  Cuenot  and  reproduced 
by  him  in  his  work,  but  his  description  somewhat  differs  from  that 
observed  by  Kowalevsky  in  the  locust  (AcrycUum  migratorium). 

As  to  the  nature  of  the  acid  excretions  which  are  formed  in  the  pericardial 
cells,  in  spite  of  his  attempts  to  solve  the  problem,  Kowalevsky  has  been  unsuc- 
cessful. The  only  observations  in  this  direction  are  those  of  Letellier  on  the 
pericardial  glands  of  lamellibranch  molluscs,  which  he  found  to  contain  hypo- 
uric  acid,  and  it  is  probable,  says  Kowalevsky,  that  the  acidity  of  the  pericardial 
cells  in  insects  is  due  to  the  presence  of  the  same  acid. 

Leucocytes  or  phagocytes  in  connection  with  the  pericardial  cells.  — 

—  It  is  thought  by  Schaffer  that  the  leucocytes  or  phagocytes  may 
be  free  or  wandering  fat-body  cells.  They  play  an  important  part 
in  metamorphosis,  while  they  absorb  or  feed  upon  the  remains  of 
the  larval  organs,  and  thus  prove  of  use  in  the  building  up  of  the 
organs  of  the  adult  insects. 

While  the  faculty  of  pharfocytosis  is  wanting  in  the  urinary  tubes, 
Balbiani  and  more  recently  Cuenot  have  expressed  the  opinion  that 
the  pericardial  cells  of  insects  may  have  the  power  of  absorbing 
hard  bodies,  "  acting  as  a  phagocytic  gland."  This,  however,  is 
called  in  question  by  Kowalevsky,  from  studies  made  on  different 
insects.  On  introducing  powdered  carmine  into  the  body  of  an  in- 
sect it  has  not  been  absorbed  by  the  pericardial  cells,  as  they  have 
not  been  colored  red.  It  is  the  leucocytes  which  absorb  the  grains 
of  carmine,  and  which,  after  having  dissolved  them,  transmit  them 
to  the  pericardial  cells.  Hence,  then,  the  pericardial  cells  have  not 
the  phagocytic  power  of  which  Cuenot  speaks. 

Eeturning  to  his  own  observations  on  hard  bodies  introduced  into 
insects,  oi*  large  globules  introduced  under  the  form  of  a  milk  emul- 
sion, Kowalevsky  has  found  that  these  bodies  were  absorbed  in  the 
first  place  by  the  free-swimming  leucocytes,  and  in  the  second  place 
by  whole  groups  or  nests  of  leucocytes  situated  in  different  parts 
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of  the  body,  principally  on  the  tlireads  of  the  adipose  body.      Tu 

the  Orthoptem  tlie  absorption  ia  immediately  effected  by  means  of 
the  cells  of  the  membrane 
which  separates  the  peri- 
cardium from  the  cavity  of 
the  body  uuderneatli  the 
f-  t       lieart.     The  regions  where 

the  liard  bodies  are  ah- 
^  J       sorbed    in     great     number 

coincide  with   the   regions 

pe  pc     of  formation  of   the  blood 

corpnscles.  In  his  re- 
searches on  the  larvae  of 
Hypononieiita  and  other 
Lepidoptera,  Scliaffer  de- 
"^'"'■?ftJ;iir[hI^'m"wi'i?'iIl""fr)l'"K-n«'^"rli?'-7''/'    scribes    tliese    rej^uns    as 

il!nUclL'™Fnm"nmi"!f.hoi"'*^]?Bft™'KT^^  fomiiug  a    sort   of    island. 

The  nests  where  the  blood 

globules  are  formed  are  the  most  active  ceutrea  of  phagocytosis. 

Balbiani,  nnd  also  Cannot,  have  suppoHPtI  that  tlie  forniation  of  the  blood 
ciiipHMcles  taken  place  In  the  pericardial  cells,  but  Kowalevsky  insUta  that  these 
ivUa  cannot fonn  the  leucocytes,  which 
"  are  probably  formed  in  different 
parts  of  the  body,  notably  in  the 
xjiecial  nests  [Hfrilf  of  J^^er]  sitiinted 
near  the  heart,  but  outside  of  the 
pericAiTllal  cells." 

In  Fig.  :tH4,  where  the  nests  of 
leucocytes  (0  ni-e  shown,  it  is  evident 
that  tliey  are  formed  where  oiiserved, 
and  "could  nut  have  come  fnim  the 
pericardial  celU,  which  have  their  own 
structure  and  their  special  function," 
these  cells  being  very  large  acid  char- 


In    Kowalevsky's    preparations   of 
TruJwIis,   the    [wricanlial    cells    with 

deposits  of  carmine  and  tlie  groups  ot  ^^ 

leucocytes  (Fig.  385,  (and  (')  stained 
with  India  ink,  we  have  to  daal  witli     ^^v.  "'*■  ^,'^"'"^'","1''  "'  '^  ■■""  ^ 

elements  absolutely  different.      If  the  It:   r.  h«BrI:  rp,  »pllbel1iun  and*^  ihs  cnilcDk 

formation  of  leucocytes  was  causeil  by  iljp|^%'nlr'ii,h'i„e"ljf!^j„  n'uJ'w'  fS^IiiiilrfM 

the    (lericardial  cells,  these  last  would  mlvixuliufnnnlndUHll'ipoiiiiuriennicTiH. 

be   oblitwd    to  free    themselves  fwm  jfttV'UI^'ietrt.y''*^  '~'  ""^ 

their    contents   and   to   modify   their 
essential  nature. 
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These  cells  (Fig.  386),  with  the  exception  of  the  eggs,  are  the 
largest  in  the  body,  and  occur  in  most  if  not  all  winged  insects. 
They  were  called  ae/iocyles  (ohios,  wine;  kastia,  cyst),  by  \Vielowiej- 
ski  in  allusion  to  their  wine-yel!ow  color.     These  cells  are  arranged 
segmentally  (Fig.  387)  in  clusters,  held  in  place  by  trachece,  and  are 
situated  mostly  on  each   side  of  the  ab- 
domen, rarely  being  found  in  the  adjoin- 
ing parts  of  the  thorax.     They  are  more 
or  less  intimately  associated  with  the  blood 


and  fat-body.  Unlike  the  fat-body,  how- 
ever, they  arise  in  embryonic  life  fi-oni  the 
ectoderm,  either  by  delamination  or  by 
I'^do(xiv»Mi«™^n-irr"'i«'-  i'^^iS'^t'oi'i  i'^st  behind  the  tracheal  in- 
volutions. 


j-oofXfp*i 
a.  plriimiwdlurn  ot  the  rivht  Mi- 


The  separate  cells  of  eocli  cluster  are  uaunlly 
— Tbia  iiul  Fig.  iiMiner  WhreliT.  separate,  but  in  rare  cases  may  fuse  in  pairs  or 
form  smaller  clusters.  In  shape  they  are  round 
or  oval,  oft«n  sending  out  pseudopodla-llke  processes,  by  wliich  they  are 
attached  to  the  tracheal  twige  or  to  each  other.  "The  cytoplasm,  which  is  very 
abundant,  is  full  of  yellowish  granules  and  is  sometimes  radially  situated 
towards  its  periphery.  Tlie  large  spherieal  or  oval  nucleus  contains  a  densely 
wound  and  delicate  chromatic  filatiient."     (Wheeler.) 

Graber  first  pointed  out  the  identity  of  these  clusters  of  cells  with  certain 
metameric  cell-raasses  in  insect  embryos,  observed  by  Tichomirotf  in  those  of 
the  silkworm,  and  by  Korotnefl  in  the  embryo  mole-cricket. 

Although  they  resemble  the  blood  corpuscles  in  some  insects,  they  are  always 
much  larger,  and  do  not  seem  to  be  ammtioid,  while  they  are  never  seen  to 
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undergo  self-division,  or  to  exhibit  any  appearance  of  giving  rise  to  the  blood- 
cells  (Wheeler).  They  have  not  yet  been  detected  in  Thysanura  (Synaptera) 
or  in  Myriopoda. 

d.   The  phoBphorescent  organs 

Phosphorescence  is  not  infrequent  in  the  Protozoa,  coelenterates, 
worms,  and  has  been  observed  in  the  bivalve  Pholas,  in  a  few  abyssal 
Crustacea,  in  myriopods  (Geophilus),  in  an  ascidian,  Pyrosoma,  and 
in  certain  deep-sea  fishes. 

In  insects  luminosity  is  mostly  confined  to  a  few  Coleoptera,  and 
besides  the  well-known  fireflies,  an  Indian  Buprestid  (Bujyrestis  ocd- 


Fio.  9f^^.  —  A,  Mfl^ttal  section  throuirh  the  hindor  end  of  a  male  Liiciola.  the  organs  above  the 
phosphorescent  plate  only  drown  In  outline:  «,  Intcjrument  of  the  la.^t  seg'ment,  Homewhat  removed 
by  the  9oction-knlfe  fi*oiii  the  phosphorescent  tissues ;  <i,  dorsal  layer  of  the  phosphorescent  plate 
>enetrate<l  by  Irrct^nlar  tracheal  branches,  and  rendererl  oi)aque  by  numerous  urate  concreti(»n<«  im- 
M'dded  in  it :  V,  ventral  phosphorescont  layer  of  the  {ilate,  with  perpendicular  tracheal  steiiiA  whose 
tranches,  w^lioi-o  they  pass  into  cai>Illaries.  bear  lumps  which  stain  brown  with  osmic  tn'id ;   «, 
structureless  substance  (coa^ulum  *)  fllline  the  end  of  the  last  ventral  segment.     B^  fsoUted  por- 
tion of  the  ventral  layer  of  the  phosphorescent  plate  :  ir,  tracheal  stem  surroundwl  by  a  cylindrical 
lobe  :   p,  parenchvm  cell  attached  to  the  cylinder :    e,  capillary,  without  the  spiral'  threails  ;  »». 
coasruluin  stained  "brown.     (\  a  tracheal  stein  of  the  venti-al  layer  :  at  the  fork  of  the  bruwnvstainetl 
capillaries  are  lumps  stained  brown  with  osmic  acid.     />,  a  naft  of  (\  more  highly  inagnit1e<l,  show- 
ing the  remains  of  the  tracheal  end-cells  {fc)  enveloping  the  orown  lumps  (/«)•  —  After  Eiiier>'. 

lata)  is  said  to  be  phosphorescent;  also  a  telephorid  larva.  Other 
luminous  insects  are  the  Poduran  Anurophorus,  Fulgora,  certain 
Diptera  (Cnlex,  Chironomus^  and  Tyreophora),  and  an  ant  (OryaK 

The  seat  of  the  light  is  the  intensely  luminous  areas  situated  either 
in  the  head  (Fulgora),  in  the  abdomen  (Lampyridae),  or  in  the  thorax 
(in  a  few  Elateridse  of  the  genus  Pyrophorus).  The  luminous  or 
photogenic  organ  is  regarded  by  Wielowiejski  and  also  by  Emery  as 
morphologically  a  specialized  portion  of  the  fat-body,  .being  a  plate 
consisting  of  polygonal  cells,  situated  directly  under  the  integument, 
and  supplied  with  nerves  and  fine  tracheal  branches. 

In  Luciola  as  well  as  in  other  fireflies,  including  Pyrophorus,  the 

1  These  midges  owe  their  phosphorescence  to  bacteria  in  their  bodies  during  disease. 
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phosphorescent  organ  or  plate  consists,  as  first  stated  by  Kolliker,  of 
two  layers  lying  one  over  the  other,  a  dorsal  one  (Fig.  388,  d)  which 
is  opaque,  chalky  white,  and  non-photogenic,  and  a  lower  one  (y), 
the  active  photogenic  layer,  which  is  transparent.  Through  the 
upper  or  opaque  layer  and  on  its  dorsal  surface  extend  large  tracheae 
and  their  horizontal  branches,  from  which  arise  numerous  very  fine 
branches  which  pass  down  perpendicularly  into  the  transparent  or 
photogenic  layer  of  the  organ.  Each  tracheal  stem,  together  with 
its  short  branches,  is  enveloped  by  a  cylindrical  mass  of  transparent 
tissue,  so  that  only  the  short  terminal  branches  or  very  fine  tracheal 
capillaries  project  on  the  upper  part  of  the  cylinder.  These  finest 
tracheal  capillaries  are  not  in  Luciola  filled  with  air,  but  with  a  color- 
less fluid,  as  was  also  found  by  Wielowiejski  and  others  in  Lampyris. 

These  transparent  cylinders,  with  the  tracheae  within,  forming 
longitudinal  axes,  resemble  lobules.  These  lobules  are  so  distributed 
that  they  appear  on  a  surface  section  of  this  plate  as  numerous  round 
areas  in  which  circular  periphery  the  tracheal  capillaries  are  arranged 
with  the  axially  disposed  tracheal  end-cells.  These  "  tracheal  end- 
cells  ''  are  only  membranous  enlargements  at  the  base  of  the  tracheal 
capillaries  (Wielowiejski).  The  cylindrical  lobules  are  separated 
from  each  other  by  a  substance  consisting  of  abundant  large  granular 
cells  (parenchym  cells)  among  which  project  the  tracheal  capillaries. 
The  cylindrical  lobules  extend  to  the  hypodermis  and  come  in  con- 
tact only  by  their  lateral  faces  with  the  parenchym. 

The  structure  of  the  upper  opaque  chalky  white  layer  of  the  phos- 
phorescent organ  is,  compared  with  that  of  the  photogenic  lower  por- 
tion, very  simple.  In  its  loose,  pappose,  mass  are  no  cellular  ele- 
ments, but  when  treated  with  different  reagents  it  is  seen  to  be  filled 
with  countless  urate  granules  (guanine)  swimming  in  the  fluid  it  con- 
tains, the  cell  plasma  appearing  to  be  dissolved,  the  cells  having  lost 
their  cohesion. 

In  comparing  the  phosphorescent  plate  or  organ  of  Luciola  with 
that  of  Lampyris,  the  general  structure,  including  the  clear  cell  ele- 
ments of  the  cylindrical  lobules,  which  envelop  the  perpendicular 
tracheal  twigs  and  their  branches,  and  also  the  granular  paren- 
chymatous cells  are  alike  in  both,  though  the  arrangement  and  distri- 
bution of  the  elements  in  Luciola  is  more  regular,  in  Lampyris  the 
tracheal  stems  being  irregularly  scattered  through  the  parenchym. 

Wielowiejski  found  in  the  larval  and  female  Lampyris  a  higher 
degree  of  diiferentiation  than  in  the  male,  and  Luciola  has  a  more 
differentiated  photogenic  organ  than  Lampyris,  as  seen  in  the  more 
regular  structure  of  the  lobules. 


426  TEXT-BOOK   OF  ENTOMOLOGY 

As  regards  tlie  light-apparatus  of  Pyrophorus,  or  the  cucujo,  Heine- 
mann  shows  that,  as  in  the  Lampyridae,  it  consists  of  distinct  cells, 
and  may  be  regarded  as  a  glandular  structure.  It  is  rich  in  tracheae 
and  the  other  parts  already  described.  In  still  later  researches  on  a 
Brazilian  Pyrophorus  Wielowiejski  shows  that  the  phosphorescent 
plate  consists  of  two  layers,  the  upper  usually  being  tilled  with  crys- 
talline urate  concretions,  and  entirely  like  those  of  the  Lampyrid*, 
consisting  of  distinct  polygonal  cells,  among  which  are  numerous 
tracheal  stems,  with  taenidia,  coursing  in  diflFerent  directions,  when 
freshly  filled  with  air,  and  sending  capillaries  into  the  underlying 
photogenic  layer.  The  latter  shows  in  its  structure  a  striking  dif- 
ference in  the  cellular  arrangement  from  that  of  Lampyrids.  In  the 
upper  or  non-photogenic  layer  are  tracheal  capillaries  which  pass 
down  into  the  underlying  cellular  plate  and  which  are  in  the  closest 
possible  relations  with  the  single  cells  —  a  point  overlooked  by  Heine- 
maun. 

Physiology  of  the  phosphorescence.  —  As  is  well  known,  the  phos- 
phorescence of  animals  is  a  scintillating  or  glowing  light  emitted  by 
various  forms,  the  greenish  light  or  luminous  appearance  thus  pro- 
duced being  photogenic,  i.e.  without  sensible  heat. 

Langley  rates  the  light  of  the  firefly  at  an  efficiency  of  100  jier 
cent,  all  its  radiations  lying  within  the  limits  of  the  visible  spec- 
trum. **  Langley  has  shown  that  while  only  2.4  per  cent  of  lumi- 
nous waves  are  contained  in  the  radiation  of  a  gas-flame,  only  10  j>er 
cent  in  that  of  the  electric  arc,  and  only  3/5  per  cent  in  that  of  the 
sun,  the  radiation  of  the  firefly  {Pifrophorus  noctUucus)  consists 
wholly  of  visible  wave-frequencies."     (Barker's  Physics,  p.  38o.) 

The  spectrum  of  tlie  light  of  the  cucujo  was  found  by  Pasteur  to 
be  continuous.  ((1  R.  French  Acad.  Sc.  1864,  ii,  p.  509.)  A  later 
examination  by  Aubert  and  Dubois  showed  that  the  spectrum  of  the 
light  examined  by  the  spectroscope  is  very  beautiful,  but  destitute 
of  dark  bands.  When,  however,  the  intensity  diminishes,  the  red 
and  orange  disappear,  and  the  green  and  yellow  only  remain. 

Heinemann  studied  the  cucujo  at  Vera  Cruz,  Mexico.  At  night  in 
a  dark  room  it  radiates  a  pale  green  light  which  shows  a  blue  tone  to 
the  exclusion  of  any  other  light.  The  more  gas  or  lamp  light  there 
is  present,  the  more  apparent  becomes  the  yellowish  green  hue,  which 
in  clear  daylight  changes  to  an  almost  pure  very  light  yellow  with  a 
very  slight  mixture  of  green.  "In  the  morning  and  evening  t^^n- 
light,  more  constantly  and  clearly  in  the  former,  the  cucujo  light,  at 
least  to  my  eyes,  is  an  intensely  brilliant  yellow  with  a  slight  mixt- 
ure of  red.     In  a  dark  room  lighted  with  a  sodium  light  the  yellow 
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tone  entirely  disappears ;  on  the  other  hand,  the  bhie  strikingly  in- 
creases." As  regards  the  spectrum  he  found  that  almost  exactly 
half  of  the  blue  end  is  wanting  and  that  the  red  part  is  also  a  little 
narrower  than  in  the  spectrum  of  the  petroleum  flame. 

Professor  C.  A.  Young  states  that  the  spectrum  given  by  our  com- 
mon firefly  {Photinus  f)  is  perfectly  continuous,  without  trace  of  lines 
either  bright  or  dark.  "  It  extends  from  a  little  above  Fraunhofer's 
line  C,  in  the  scarlet,  to  about  F  in  the  blue,  gradually  fading  out  at 
the  extremities.  It  is  noticeable  that  precisely  this  portion  of  the 
spectrum  is  composed  of  rays  which,  while  they  more  powerfully  than 
any  others  affect  the  organs  of  vision,  produce  hardly  any  thermal 
or  actinic  effect.  In  other  words,  very  little  of  the  energy  expended 
in  the  flash  of  the  fire  is  wasted.  It  is  quite  different  with  our  arti- 
ficial methods  of  illumination.  In  the  case  of  an  ordinary  gaslight 
the  best  experiments  show  that  not  more  than  one  or  two  per  cent 
of  the  radiant  energy  consists  of  visible  rays;  the  rest  is  either  in- 
visible heat  or  actinism ;  that  is  to  say,  over  98  per  cent  of  the  gas  is 
wasted  in  producing  rays  that  do  not  help  in  making  objects  visible." 

Panceri  also  remarks  that  while  in  the  spectroscope  the  light  of 
some  Chaetopteri,  Beroe,  and  Pyrosoma  exhibit  one  broad  band  like 
that  given  by  monochromatic  light,  that  of  Lampyris  and  Luciola  is 
polychromatic.     (Amer.  Nat,  vii,  1873,  p.  314.) 

The  filtered  rays  of  Lampyris  pass  (like  Rontgen  and  uranium 
rays)  through  aluminium  (Muraoka). 

The  physiology  of  insect  phosphorescence  is  thus  briefly  stated  by 
Lang  :  "The  cells  of  this  luminous  organ  secrete,  under  the  control  of 
the  nervous  system,  a  substance  which  is  burnt  during  the  appearance 
of  the  light ;  this  combustion  takes  place  by  means  of  the  oxygen  con- 
veyed to  the  cells  of  the  luminous  body  by  the  tracheae,  which  branch 
profusely  in  it  and  break  up  into  capillaries." 

Emery  states  that  the  males  of  Luciola  display  their  light  in  two 
ways.  When  at  night  time  they  are  active  or  flying,  the  light  is  given 
out  at  short  and  regular  intervals,  causing  the  well-known  sparkling 
or  scintillating  light.  If  we  catch  a  flying  Luciola  or  pull  apart  one 
resting  in  the  day  time,  or  cut  off  its  hind  body,  it  gives  out  a  toler- 
ably strong  light,  though  not  nearly  reaching  the  intensity  of  the 
light  waves  of  the  sparkling  light.  In  this  case  the  light  is  constant, 
yet  we  notice,  especially  in  the  wounded  insect,  that  the  phospho- 
rescent plate  in  its  whole  extent  is  not  luminous,  but  glows  at  differ- 
ent places  as  if  phosphorescent  clouds  passed  over  it. 

It  is  self-evident  that  a  microscopic  observation  of  the  light  of  the 
glowworm  or  firefly  is  not  possible,  but  an  animal  while  giving  out 
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its  light,  or  a  separated  abdomen,  may  readily  be  placed  under  tlie 
microscope  and  observed  under  tolerably  high  powers.  By  making 
the  experiment  in  a  rather  dark  room  Emery  saw  clear  shining  rings 
on  a  dark  background.  **A11  the  rings  are  not  equally  lighted. 
Comparing  this  with  the  results  of  anatomical  investigation,  it 
is  seen  that  the  rings  of  light  correspond  with  the  previously  de- 
scribed circular  tracheal  capillaries,  i.e.  the  limits  l^etween  tlie 
tracheal-cell  cylinder  and  the  parenchym-cells.  The  pareuchym- 
cells  are  never  stained  of  a  deep  brown  ;  this  proves  that  its  plaiJiua 
may  be  the  seat  6f  the  light-producing  oxidation.  Hence  this  pro- 
cess of  oxidation  takes  place  in  the  upper  surface  of  the  parenchym- 
cells,  but  outside  of  their  own  substance.  The  parenchym-cells  in 
reality  secrete  the  luminous  matter ;  this  is  taken  up  by  the  tracheal 
end-cells  and  burnt  or  oxidized  by  means  of  the  oxygen  present  in 
the  tracheal  capillaries.  Such  a  combustion  can  only  take  place 
when  the  chitinous  membrane  of  the  tracheae  is  extraordinarily  iiue 
and  easily  penetrable,  as  is  the  case  in  the  capillaries  of  the  photo- 
genic plate ;  therefore  the  plasma  of  the  tracheal  cells  only  oxidizes 
at  the  forking  of  the  terminal  tracheal  twigs  and  in  the  capillaries/' 
(Emery.) 

The  color  of  the  light  of  Luciola  is  identical  in  the  two  sexes,  ami 
the  intensity  is  much  the  same,  though  that  of  the  female  is  more  i*e- 
stricted.  The  rhythm  of  the  flashes  of  light  giv^en  out  by  the  male 
is  more  rapid,  and  the  flashes  briefer,  while  those  of  the  female  are 
longer,  more  tremulous,  and  appear  at  longer  intervals. 

Emery  then  asks  :  What  is  the  use  of  this  luminosity  ?  Is  it  only 
to  allure  the  females  of  Luciola,  which  are  so  much  rarer  than  the 
males  ?  Contrary  to  the  general  view  that  it  is  an  alluring  aot,  he 
thinks  that  phosphorescence  is  a  means  of  defence,  or  a  warning  or 
danger-signal  against  insectivorous  nocturnal  animals.  If  we  dissect 
or  crush  a  Luciola,  it  gives  out  a  disagreeable  cabbage-like  smell,  ami 
perhaps  this  is  sufficient  to  render  it  inedible  to  bats  or  other  noc- 
turnal animals.     An  acrid  taste  they  certainly  do  not  possess. 

It  has  long  been  known  that  the  eggs  of  fireflies,  both  Lanipyridie 
and  Pyrophorus,  are  luminous.  Both  Newport  and  more  recently 
Wielowiejski  attributes  the  luminosity  not  to  the  contents  of  the 
egg,  but  to  the  portions  of  the  fat-body  cells  or  fluid  covering  on  the 
outside  of  the  eggs,  due  to  ruptures  of  the  parts  within  the  lK>dy  of 
the  female  during  oviposition.  The  larvae  at  different  ages  are  also 
luminous. 

The  position  of  the  luminous  organs  changes  with  age.  In  the 
larvae  of  Pyrophorus  before  moulting,  according  to  Dubois,  the  lumi- 
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nous  organs  are  situated  only  on  the  ventral  side  of  the  head  and 
prothoracic  segment.  In  larvae  of  the  second  stage  there  are  added 
three  shining  spots  on  each  of  the  first  eight  abdominal  segments, 
and  a  single  luminous  spot  on  the  last  segment.  These  spots  are 
arranged  in  a  linear  series  and  thus  form  three  luminous  cords.  In 
the  adult  beetles  there  is  a  luminous  spot  in  the  middle  of  the  first 
abdominal  sternite,  but  the  greatest  amount  of  light  is  produced  by 
the  two  vesicles  on  the  hinder  part  of  the  prothorax,  the  position  of 
which  varies  according  to  the  species. 
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THE  RESPIRATORY   SYSTEM 

While  land  vertebrates  breathe  by  inhaling  the  air  through  the 
mouth  into  the  lungs,  insects  respire  by  internal  air-tubes  {tracheae), 
which  ramify  throughout  every  part  of  the  body  and  its  appendages. 
The  air  enters  these  tubes  through  a  few  openings,  called  spiracles 
or  stkjmata,  arranged  segmentally  in  the  sides  of  the  body.  These 
tracheae  are  everywhere  bathed  by  the  blood,  and  thus  the  latter  is 
constantly  aerated  or  kept  fresh ;  the  blood  not,  as  in  vertebrates 
or  as  in  molluscs,  seeking  the  lungs  or  gills,  or  any  specialized 
respiratory  portion  of  the  body  where  the  oxygen  combines  with  the 
haemoglobin,  but  the  respiratory  tubes,  so  to  speak,  themselves  seek 
out  the  blood  and  the  blood-tissue  in  every  part  of  the  insect  body, 
penetrating  to  the  tips  of  the  antennae  and  of  the  legs,  entering  the 
most  delicate  tissues,  even  perhaps  passing  through  the  walls  of 
epithelial  cells.  As  Lang  remarks,  the  want  of  an  arterial  vascular 
system  is  compensated  for  as  well  as  conditioned  by  the  extremely 
profuse  branching  of  the  tracheae. 

The  aquatic  larvae  of  certain  dragon-flies  (Agrionidae),  may-flies, 
case-worms,  etc.,  resi)ire  by  means  of  tracheal  gills  or  branchite, 

which  are  either  filamental  or  leaf-like  ap- 
pendages containing  tracheae.  Somewhat  simi- 
lar structures  appended  to  the  thorax  of  pu]»al 
acjuatic  Diptera,  as  in  the  mosquito  and  its 
Fi«.  8S9.  —  Kftt-uiiied  larva    alHcs,  cuablc  tlicm  to  breathe  while  stationed 

of  Kristalis.  i  ■      i         , 

a  little  beneath  the  surface  of  the  water. 
Other  larvae,  as  the  rat-tail  larva  of  Eristalis,  etc.,  lying  at  the 
bottcmi  of  shallow  pools  or  in  ditches,  etc.,  can  breathe  by  raising 
slightly  above  the  surface  a  long  appendage  with  two  spiracles  at  the 
end,  through  which  the  air  enters  the  tracheal  system.    (See  p.  461.) 

Although  Aristotle,  as  well  as  the  natural  philosophers  of  the 
Middle  Ages,  supposed  that  insects  did  not  breathe,  one  can  easily 
see  that  they  do  by  holding  a  grasshopper  or  dragon-fly  in  one's 
hand  and  observing  the  rhythmical  rise  and  fall  of  the  upper 
and  lower  walls  of  the  abdomen,  during  which  the  air  enters  and 
passes  out  of  the  air-openings  or  spiracles  on  each  side  of  the 
body. 

It  is  plain  that  insects  consume  very  little  air,  since  caterpillars 
may  be  confined  in  very  small,  almost  air-tight  tin  boxes,  and  con- 
tinue to  eat  and  undergo  their  transformations  without  suffering 
from  the  confinement.     According  to  H.  Muller  an  insect  placed  in 


THE  AIR-TUBES  ill 

a  small,  confined  space  absorbs  all  the  oxygen.     Insects  can  survive 
for  many  hours  when  placed  in  an  exhausted  receiver,  or  in  certain 
irrespirable  gases.     "Cockroaches  in  carbonic  acid  speedily  become 
insensible,  but  after  twelve  hours'  exposure  to  the  pure  gas  tliey 
survive  and  ap[>ear  none  the  worse."     {Mi- 
all  and  Denny,   p.  1(>5.)      Insects  of  the 
swiftest  flight  breathe  most  rapidly,  their 
great  muscular  activity  requiring  the  ab- 
sorption of  an  abundance  of  oxygen. 

Warmth,  plenty  of  foo<l,  besides  muscu- 
lar activity,  increases  the  demantl  for  oxy- 
gen and  the  quantity  of  carbonic  acid 
exhaled. 

rt.  The  tracheae  Fm.  ww.-fHiiiin  of  Sphim 

It  Will  much  Simplify  our  conception  of    nfi«tiirinB«iMiinithMW) — Anar 
the  nature  of  the  air-tul)es  when  welearn 

that  they  originate  in  the  embryo  as  tubular  ingrowths  of  the 
integument  (ectotleriii ),  tliese  branching  and  finally  reaching  every 
]iart  of  the  interior  of  the  Itody.  They  are  elastic  tubes,  and  being 
filled  with  air  are  silvery  in 
color,  though  at  their  origin 
near  the  si>iracles  they  are  red- 
dish  or   violet   binish ;    or,   in 


qckne,  —  Atler  Ley^ig.  !^ta^ 
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the  larva  of  ^sehna,  reddish   brown,  this   tint   being   due   to  a 
finely  granular  pigment  situated  in  the  peritoneal  membrane. 

__  ^  In  their  essential  structure  the  trachete  consist 

of  the  chitinous  intima,  which  is  a  contiiuiatioa 
of  the  cuticle  of  the  integument,  and  of  a  cellular 
'  membrane  or  outer  layer  of  cells  (a  continuation 

of   the  hypoderuiis)  called  the   peritoneal   meiu- 
brane,  or  ectotrachea  {Figs.  39L',  393). 

Leydig  discovered  that  the  spiral  filaments 
are  not  distinct  and  separate,  but  intimately  con- 
nected with  the  inner  membrane  (intima),  and  he 
detected  the  outer  or  jieritoneat  membrane,  which 
ChuQ  afterwards  found  to  be  epithelial  in  its 
Fio  SH  —  Loniri-  n^t'"'^)  M'Hft  Stating  that  it  is  a  trae  pavement 
todiMi  Mciiin  of  ihe    epithelimii. 

Inchu  of  Ifydmphitut        <^ 

pfMi../*p,ei>iiJifliiiinij  Figure  393  represents  a  longitudinal  section  of 
tll^»d^L  — AfterMiiiui.  a  large  trachea  of  Hydrophilus,  showing  llie 
peritoneal  membrane  (eclotrachea,  eji)  and  the 
iutima  or  endotrachea,  divided  iuto  the  cuticuia  (j^v),  with  the  darker 
colored  inner  layer,  in  which  are  embedded  the  dark-colored 
tienidia  (/). 


f  IS.  SH.  —  TtMt  or  Anibnit.  >liow1ii)r  lh«  ninlH«IlDni>  of  tha  tnelu*.  —  AfUr  UlnoL 

Distribution  of  the  trachen.  —  The  distribution  of  the  air-tubes,  as 
Lubbock  and  also  Minot  state,  depends  first  upon  the  shape  of  the 
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organs,  and  upon  the  size  of  those  whose  size  is  variable.  Around 
the  large,  hollow  organs  (digestive  canal,  sexual  organs)  the  trachesB 
ramify  in  all  directions,  forking  so  that  the  branches  diverge  at  a 
wide  angle.  In  the  organs  which  have  muscular  walls,  like  the 
oviduct,  the  tracheae  run  straight  when  the  walls  are  distended,  but 
have  a  sinuous  course  when  the  walls  are  contracted.     (Minot.) 

Around  the  organs  of  more  elongated  form  the  branches  of  the  trachese  run 
more  longitudinally,  as  is  shown  by  the  air-tubes  of  the  muscles,  which  also  pre- 
sent some  peculiarities  worthy  of  especial  notice. 

**A  short,  thick  trunk  arrives  at  the  muscular  bundle,  and  dividing  very 
rapidly,  breaks  up  into  a  large  number  of  delicate  tubes,  which  penetrate  be- 
tween the  muscular  fibres,  then  terminating  in  tubes  of  exceeding  fineness,  which 
at  firat  sight  seem  to  form  a  network  that  might  well  be  called  a  rete  mirabile. 
A  closer  examination,  however,  reveals  that  it  is  not  a  real  network,  but  rather 
an  interlacing  confusing  to  the  eye.  The  longitudinal  direction  of  the  tracheaB 
of  the  muscles  presents  a  striking  contra^  *o  the  system  of  divarication  repre- 
sented in  Figs.  13  and  14.  The  cours^  e  trachese  of  the  Malpighian  tubes  is 
also  very  curious.  There  is  one  large  jhea  which  winds  around  the  tube  in  a 
long  spiral,  giving  off  numerous  sma>  ^ranches  which  run  to  the  surface  of  the 
tube,  upon  which  they  form  delicate  ramifications.  Each  tube  has  but  a  single 
main  trachea,  and  I  think  the  trachea  continues  the  whole  length  of  the  tube, 
but  of  this  last  point  I  am  not  quite  sure.*'     (Minot.) 

While  in  the  nymphs  of  Orthoptera  the  tracheae  very  closely  re- 
semble those  of  the  adult,  in  larvae  of  insects  with  a  complete  meta- 
morphosis the  tracheae  differ  very  much  in  distribution  from  those 
of  the  adult  The  larval  tracheae  are  also  more  generalized  and 
more  like  those  of  the  original  type  than  the  trachese  of  perfect  in- 
sects.    (Lubbock.) 

In  general  there  are  two  main  tracheae,  one  passing  along  each 
side  of  the  body,  near  the  digestive  canal,  connected  with  its  mate 
by  a  few  transverse  anastomosing  branches,  and  sending  off  a  branch 
to  each  spiracle,  this  arrangement  being  most  simple  and  apparent 
in  the  maggots  of  Diptera.  From  these  two  main  branches  smaller 
twigs  branch  off  into  every  part  of  the  body  with  its  appendages, 
passing  among  the  different  organs,  often  serving  as  cables  to  hold 
them  loosely  in  place ;  they  also  penetrate  into  the  component  parts 
of  the  organ  themselves,  passing  into  the  fat-bodies,  and  among  the 
fibres  of  muscles,  where  they  become  finely  attenuated  and  refined 
like  the  capillaries  of  the  vascular  system  of  vertebrates.  (Figs. 
395,  396.) 

In  the  youngest  larva  of  Corethra  plumicomis  Weismann  ascertained  the 

thickness  of  the  longitudinal  stem  to  be  0.0017  mm.    That  of  the  finest  tracheal 

endings  in  the  silk-glands  of  the  silk-worm  was  found  by  Von  Wistinghausen  to 

be  0.0016  mm.    (Zeits.  f.  Wiss.  Zool.  xlix,  1890,  p.  576.)    Weismann  states  that 

2f 
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in  tlie  Inrve  of  Corethra  and  Chlronomus  the  tracheal  syntem  is  only  incoui- 
pleieiy  developed ;  the  trachete  are  not  united  with  each  other,  and  in  the  young- 
e8t  larvte  they  do  not  contain  air. 

Kach  of  tlie  two  main  tracheie,  as  Kolbe  Btalea, 
wnils   off    into   each    segment    of    the    body   three 

1.    All  upper  or  dorsal  branch,  which  supplies  the  , 

mnscles  of  the  dorsal  region. 

i.  A  middle  (visceral)  branch,  whose  twigs  pass 
to   the   digestive  canal   and  back   to   the   organs  of 

:S.  A  lower  (ventral)  branch,  whose  twigs  are 
dislribuled  to  the  ganglia  and  h>  the  muscles  of  the 
ventral  repion.  B 

[n  certain  Thysanura,  as  a  species  of  Machllis 
(Fig.  Sf"),  we  probably  have  tlie  primitive  condiiion  « 
of  the  tracheal  system,  the  longitudinal  and  trans- 
verse annstomoMes  being  absent,  but  in  other  Thy- 
aanura  (Japyx,  Nicoletia,  Lepisma,  and  a  few  species 
of  Mnclillls)  they  are  present. 

As  Kolbe  remarks,  whether  tlie  fine  ends  of  the 
tmchece  are  closed  or  open,  whether  after  the  analogy 
of  the  blood  capillaries  of  vertebrates  they  anastomose 
with  eacli  other,  whether  the  endn  of  the  air-tubes 
poHS  between  the  i-ells  or  penetraie  into  them,  these 
(jueMions  are  not  fully  settled.  According  to  Ley- 
dig's'  latest  viewR  the  irach en  penetrate  into  the  celts 
and  unite  with  the  hyaloplasma.  Hence  the  process 
of  respiration  in  the  la^t  Instance  lakes  place  in  the 
hvaloplasma.  This  assumption  accords  with  the  fact 
that  in  Ihe  tracheate  Arthropods  the  lerminalions  of 
the  iracheie  carry  the  atmospheric  air  into  the  space 
bouniled  by  the  cellular  network,  also  to  the  hyalo- 
ptasma  filiing  the  spaces.    Leydig'  also  thinks  that 

Uie  finest  tracheal  endings  penetrate  Into  the  muscular  >'io,  3»t.— TncJienisysum 
tissue  and  unite  with  the  primitive  muHCulMr  fibres,        l!mrmt^!'^i!*\^\- 1*'!!*!!" 

Kiipffer  is  likewise  of  tlie  opinion  that  the    !!!"A}^lloXmI!n''nTimuSK* 
fine  tracheae  penetrate  into  the  eells,  and  Lidth 

de  .Fende  asserts  that  they  enter  the  epithelial  cells,  "  each  cell  con- 
taining several    branches."      Kdlliker,  Emery,  etc.,  maintain,  how- 

e  mid 

(See 

Fio.  WiV  — jrff«nnpfiiii/>'niir-r>fhriirii.i'hun'lnK<lliiinbutloiinfiilr-tiibf*<trarhw>iinilalr-UF<: 
'  rnilD  vfnlnil1nir'h('ii(nnlyoiisnfihelw«!'hn<rii):  .s',  left  "tlpnUal  lraFli™,«'nii«'llnK  byvi-rtkid 

-niinlhrHm.  mniHl.mnl.  aiidl)iiirlh<>nlracl»iHw11i«nr>(  fliuriNDmlnil  alr-uoi.  wh>c1i  am 
ii»r«l<^bvthvplHi<ii<>rthnT|Atrtordlklcd(r«lieii'.  1.  II.  III.  In  Fig.  RW.  Nuincruu^  Kr-um 
■111  Irtrhiw  irv  rpin-mrnleil  In  Ihv  li«iid  iuhI  thomi.    The  two  thant'le  tpinclnire  rejireKnl«d. 


llB.rtrlr  ■tr-MCK  :  !t,  Mir  «f  > 
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ever,  that  the  tracheal  endings  lie  between  the  cells.  'Wielowiejski,' 
in  describing  the  tine  tracheie  of  the  phosph orescent  organic  thinks 
that  the  tracheal  endings  (tracheal  capillaries)  rarely  end  blindly, 
but  anastomose  with  one  another,  forming  an  irr^ular  network. 


)iyrla  antriidldvlit .-  l/e,  tnrbni  snd- 

The  latest  observer,  Gilson  (1893),  asserts  that  tracheal  twigs  )>ene- 
trate  deeply  into  the  epithelial  cells  of  the  silk  glands  of  larval 
Trichoptera  as  well  as  of  caterpillars,  passing  through  their  proto- 
plasm. 


A  late  inveRtigator,  0.  von  WistingbBusen,  (inda  in  the  tracheie  of  th«  spin- 
ning-glands of  caterpillars  a,  completely  formed  network  between  tlie  ttrminftl 
branclies  of  two  or  several  tracheal  groups.     The  tracheal  tubes  of  this  Deries  of 

I  Stndien  ii1)er  die  Lampyriden,  ZeiU.  fur  wiss.  Zool,,  xxxvli,  1RH2.  Both  WMa- 
nittjsk)  and  M.  Wiiitiiit:liaiiHeii  have  ci>inplel«ly  disproved  the  vien-  at  Srbiillzv.  Ibal 
tlic  traclieie  end  In  mnr-lihe  cells,  where  resplniliiiii  takes  place,  as  the  "star-lik* 
cells  "  are  simply  uet-Uke  expausiuus  of  the  jiorittiueal  membrane  of  the  trachea.. 
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tenntnol  branchea  pass  into  this  network,  which  be  calls  the  tracheal  capillarj 
end-network  (Figs.  398,  400).  Tiiislasl  varies  In  thickness  andspreadii  out  under 
the  meiubrana  propria  of  tlie  glandular  mass  over  the  entire  surface  of  the  large 
glaiid-cella  and  on  a  level  with  Uie  tracheal  capillaries.  The  tracheal  endings  do 
not  penetrate  Into  the  cells,  but  are  separated  from  the  plasma  o(  the  cells  by  a 
tliin  membrane.  Tlie  tracheal  capillary  eud-network  appears  as  a  system  of  fine 
lubes  like  the  tracheal  capillarieH,  consisting  of  a  peritoneal  layer  and  a  chitinous 
intima  (Fig.  400).  The  walls  of  thexe  tubes  are  homogeneous,  not  porous, 
tlidugh  readily  permeable  by  the  parenchymatous  fluid.  The  interchange  of 
gases  conse<|uently  may  go  on  easier  and  more  vigorously  in  a  system  of  richly 
anastomosing  tubules  of  the  net-like  mass  of  tracheal  capillaries,  than  in  tubes 
ending  blindly. 

While  the  diameter  of  the  tracheal  capillaries  is  0.0016  mm.  or  1  it,  that  of  the 
tubules  composing  the  tracheal  capillary  end-network  i£  scarcely  measurable, 
but  is  less  than  1  fi. 


"^ 


Fro.  400.  — TrachMl  eml-cells  of  iMmpyrit  tpltnaidula  : 
tnchuL  apllliriea.  —  ACm  Wl«lu«l(j9k1. 

Tliese  tracheal  capillaries  alsoocc 
the  iniestine,  on  the  urinary  lubes,  c 
on  the  silk-glands. 

The  latest  researches  are  those  of  E.  Holmgren,  wlin  has  studied  the  branch- 
ing of  the  tracheae  in  the  sjunning-giands  of  calerpillar?.  He  prefers  to  call  the 
end-cells  "  transition  cells,"  as  they  lead  from  the  tracheal  tubes  proper  to  the 
capillary  network.  This  latter  is  formed  by  slender  nucleated  cells,  oft«n  with 
an  intracellular  lumen,  and,  according  to  the  author,  probably  constituting  a  res- 
piratory epithelium.  He  Hnds  that  both  large  and  small  trachea;  may  penetrate 
the  gland-cella.  (Anat.  Anzelger,  xi,  1895,  pp.  iMO-0,  3  figs.;  Jour.  Hoy.  Micr. 
Soc.,  1896,  p.  188.) 

b.  The  spimclAB  or  ■tismata 

The  spiraclea  are  segmentally  arranged  openings  in  the  sides  of 
the  thorax  and  abdomen,  thro\igh  which  the  air  passes  into  the  air- 
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tubes.  In  it.3  essential  structure  a  spiracle,  or  stigma,  is  a  sliHike  ■ 
opening  surrounded  by  a  chitinons  ring,  the  lips  or  edges  of  the 
opening  beiug  membranous  and  (closed  by 
a  movable  valve  of  the  spiracle  attached 
by  its  lower  edge,  which  is  closed  by  an 
oecluBor  muscle  (Fig.  401).  The  aperture 
when  open  forms  a  narrow  oval  slit ; 
and  in  most  insects  the  slit  is  within 
guarded  by  a  row  of  projecting  spines  at 
setK,  wliich  form  a  lattice  work  or  grate 
irn\Mii*tiipntt^"l?l!^Lh^%r^  to  keep  out  dust,  dirt,  fluids,  etc. 

bmlkiiralaiirit,  showing  Ihec"--'   - 


iw"ihVn*u "r  oSnini'rf'iho  Mta™'  "*  Stigmata,  not,  however,  taking  intu  accouiii 

h,  c.  n,  Inner  hvne  cloalni  ilw  en-    those  lif  the  Synaptera. 

iiuwrniuMi'eiuIIhiiHiyinnVrwiflce        ''   •^'ff""''"  i^Mout  lip»  (Primitive  or  B«ii*^r- 

—  After  Suvus-Uutekhclm.  '    alized  atigmaU). 

a.  The  Bimpleat  stigma  h  an  aperture  nitich 
is  kept  open  by  a  chitinous  ring  (Acanthia).  The  opening  may  be  r.iui)il  or 
elliptical.  There  are  no  lips  nor  any  movement  of  ttie  edgeH  to  be  nbservetl. 
SSiich  air-holes  occur  in  the  abdomen  of  bugs  (Bemiptera)  and  brelW  (t'olc- 
optera)  ;  within  the  opening  of  tlie  etiginala  in  the  aame  insects  U  a  funnel-like 
contraction.  Alsi>  in  the  DIptera  the  abdominal  stigmata  are  of  the  same  lype.i 
The  stigmata  of  the  I'ulicidae  (Sipiionaplera)  are  more  complicated,  as  the 
edges  of  the  openings  are  provided 
with  set*  (Fig.  402). 


Fic.  4<i».  — Sllgniiinf  Melo1.>nt1ularri.  srrn 

h.  The  Btigma  conaisls  of  a  series  of  minute  single  stigmata,  which  are  usually 
sunnounled  by  a  common  chitinous  ring,  and  whose  tubular  (.'ontinuationK  unite 
within  in  a  cnminoii  trachea,  so  that  the  single  tubes  paiiS  oS  from  the  utigma 
like  the  fingers  on  the  hand.  This  form  is  found  in  the  larvae  and  puparia  of 
Diplera. 

II.  Stigmata  with  tips  (Secondary  more  specialieed  stigmata). 

c.  The  lips  are  represented  by  a  single  chitinous  ring,  with  sparse  s|unes. 
One  side  of  the  stigma  is  a  little  higher,  and  partly  overlaps  the  other  posleriorty  ; 
this  form  is  peculiar  to  the  Orlhoptera  and  Lihellulidae. 

d.  The  lips  are  roof-like,  bent  inwards  and  densely  liairy,  forming  a  peculiar 
kind  of  felting.     The  setse  of  the  lips  are  in  most  beetles  and  many  Lepidopiera 

>  The  following  summary  compiled  from  Krancher,  is  trannlated,  with  sume  minor 
changes,  from  Kolbe'H  work. 

'  Miall  and  Denny  slate  that  in  the  ciickroai'h  the  abdominal  spiracleB  ar*  per- 
manently open,  owing  tn  the  absence  of  a  valve,  bul  rnmniunlcatlon  with  the  tracheal 
trunk  may  be  out  off  at  pleasure  by  an  internal  orduding  apparatus. 
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separate,  and  more  or  less  branclied.  In  caterpillars,  the  setae  are  so  finely 
branched  as  to  fonn  a  loose  felt,  or  sieve-like  arrangement. 

e.  The  stigmata  are  round,  with  a  very  broad  bonier  and  a  concentric  mid- 
dle portion,  the  structure  being  complicated.  The  concentric  middle  portion  is 
pouch-like  and  bears  the  occlusor  muscle.  This  form  occurs  in  the  larvae  of 
lamellicorn  beetles,  and  can  be  seen  with  the  naked  eye,  or  with  a  lens,  in 
Oryctes,  Cetonia,  and  Melolontha  (Fig.  403). 

/.  Over  the  outer  opening  of  the  spii'acle  is  an  incurved  chitinous  projection, 
on  one  side  of  which  the  trachea  takes  its  origin.     It  is  thus  in  the  llymenoptera. 

The  remarkable  grate-like  stigma  of  the  lamellicorn  larvae  has  the  appearance 
as  if  the  outer  closing  plate  or  valve  were  impenetrable.  The  earlier  observers 
considered  these  stigmata  to  be  open,  but  Meinert  regards  them  as  closed ; 
Schiodte,  however,  has  observed  by  pressing  a  preserved  specimen  of  a  Melolon- 
tha larva  the  alcohol  within  passing  out  in  drops,  through  the  grate-like  plate, 
and  hence  he  considers  this  a  proof  that  the  stigma  is  permeable  (Kolbe). 

More  recently  (1893)  Boas  has  examined  the  same  structure  in  the  same 
species  of  larva  as  examined  by  Schiodte,  and  he  finds  it  to  be  open  only  during 
the  process  of  moulting.  He  finds  that  on  each  side  of  the  larva  there  are  nine 
short  and  wide  stigmatic  branches,  each  of  which  is  shut  off  from  the  exterior  by 
a  brown  plate ;  this  consists  of  a  reniform  sieve-plate,  and  of  a  curved  bulla 
which  fits  into  the  cavity  of  the  plate.  The  stigmatic  branch,  however,  is  pro- 
vided with  a  large  external  opening,  which  is  homologous  with  the  stigma,  but 
which  is  usually  closed  by  the  plate  and  bulla,  and  is  only  open  during  the  moult- 
ing ;  at  first  it  is  circular,  but  later  becomes  a  cleft.  A  transverse  section  shows 
that  the  bulla  is  a  simple  tegumentary  fold,  the  outer  chitinous  layer  of  which 
has  become  especially  firm.  The  plate  forms  a  horizontal  half-roof,  which 
springs  from  one  side  of  the  tracheal  orifice,  and  is  supported  by  obliquely  set 
bases,  which  spring  from  the  adjoining  part  of  the  inner  side  of  the  tracheae. 
The  plate  and  bars  are  purely  cuticular  structures.  (Zool.  Anz.,  1893 ;  also 
Journ.  Itoy.  Micr.  Soc,  p.  54.) 

The  tracheal  system  of  libellulid  nymphs  is  not  closed ;  on  the  other  hand, 
in  the  fully-grown  nymphs  the  anterior  stigmata  occurring  ou  the  dorsal  side  are 
large,  and  the  trachcfe  arising  from  them  are  thick.  These  stigmata  are  permea- 
ble by  the  air.  In  half-grown  and  still  younger  stages  of  ^schna  the  two  an- 
terior thoracic  stigmata  are  undeveloped.  In  order  to  breathe,  the  fully-grown 
nymph  either  rises  up  on  the  upper  side  and  elevates  the  end  of  the  body  to  the 
surface  in  order  to  take  the  air  into  the  rectum,  or  it  rests  with  the  back  of  the 
thorax  at  the  surface  in  onler  to  breathe  through  the  large  stigmata.  The  young 
nymphs  take  in  air  only  through  the  rectum.  The  young  nymphs  of  Libellula 
and  its  allies,  on  the  other  hand,  possess  large  thoracic  stigmata,  but  they  prefer 
to  breathe  through  the  rectum.  The  fully-grown  nymphs  of  Agrion  breathe 
through  the  thoracic  stigmata.     (Dewitz,  in  Kolbe.) 

The  position  and  number  of  pairs  of  stigmata. — The  spiracles  are 
usually  situated  in  the  soft  membrane  between  the  tergites  and 
pleurites,  but  their  exact  position  varies  in  different  groups.  In  the 
(^oleoptera  they  occupy  on  the  thorax  a  more  ventral  position,  and 
on  the  abdomen  are  placed  near  the  edge  of  the  dorsal  side,  under 
the  elytra.  In  the  dragon-flies,  the  first  pair  is  situated  much  more 
dorsally  than  the  second  and  third  pairs ;  the  following  seven  pairs 
are  almost  wholly  ventral  and  lie  concealed  in  the  membranous  fold 
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near  the  external  plate.  In  the  Hemiptera,  also,  the  abdominal  stig- 
mata, though  entirely  free  and  visible,  are  situated  ventrally. 

Primarily,  in  the  embryo  a  pair  of  stigmata  appear  on  each  seg- 
ment of  the  thorax  and  abdomen,  except  the  10th  and  11th,  and 
even  possibly  in  the  head,  for  a  pair  of  stigmata  are  said  to  occur  in 
the  head  of  Podurids  (Smynthurus)  (Lubbock),  though  this  state- 
ment needs  confirmation.  Scolopendrella,  however,  is  kno^\^l  to  pos- 
sess a  pair  of  cephalic  spiracles. 

From  the  foregoing  statement  it  will  be  seen  that  while  in  exist- 
ing winged  insects  no  more  than  10  (in  Japyx  11)  pairs  of  stig- 
mata are  to  be  found  in  any  one  species,  yet  that  12  segments  of  the 
body,  in  different  groups  taken  collectively,  bear  them.  The  primi- 
tive number  of  pairs  of  spiracles,  therefore,  in  winged  insects,  was  12, 
i.2.  a  pair  in  each  thoracic  segment,  and  a  pair  in  each  of  the  first 
nine  abdominal  segments.  Insects  were  originally  all  holopneustic, 
and  gradually  as  the  type  became  differentiated  into  the  different 
orders  they  became  peripneustic  or  amphipneustic,  and,  in  certain 
aquatic  forms,  apneustic.     (See  pp.  459,  461.) 

In  the  still  more  primitive,  probably  wingless,  ancestors  of  insects 
there  was  a  larger  number  of  stigmata.  Hatschek,  in  1877,  discov- 
ered a  pair  of  tracheal  invaginations  in  each  of  the  three  posterior 
head-segments  of  the  embryo  of  a  moth,  with  stigmatal  openings 
in  the  1st  and  2d  maxillary  segments. 

Thus  early  in  embryonic  life  every  segment  of  the  body,  except 
those  bearing  the  eyes  and  the  last  abdominal,  bore  a  pair  of  stig- 
mata, so  that  the  primitive  insect  had  at  least  15,  and  perhaps  more, 
pairs  of  stigmata. 

The  position  of  the  stigmata  is  subject  to  much  variation,  the 
result  of  adaptation  to  this  or  that  mode  of  life.  Examples  are 
those  insects  which  live  in  dusty  situations  or  usually  more  or  less 
concealed  in  the  earth,  as  in  most  beetles,  and  in  the  Hj^menoptera. 
In  such  l)eetles,  the  stigmata  are  situated  in  the  thin  membrane 
between  the  segments ;  in  the  Hymenoptera,  on  the  upper  edge  of 
the  segments.  In  the  Siphonaptera,  Pediculina,  l)edbug,  and  similar 
forms,  which  breathe  an  air  freer  from  dust,  the  spiracles  lie  free  on 
the  outside  of  the  body. 


**  When  the  stigmata  are  free  and  without  any  protection  on  the  abdomen, 
there  are  other  ways  by  which  the  entrance  of  foreign  bodies  into  the  tracheie  is 
prevented.  In  such  cases  the  body  is  covered  with  dense  hairs,  as  in  most  Dip- 
tera  and  Neuroptera,  as  well  as  many  I^epidoptera  ;  or  there  is  situated  in  front 
of  the  stigma  either  a  small  fisHure  which  i.s  covered  over  by  a  number  of  hairs 
arising  from  the  edge,  as  in  many  Orthoptera  ;  or,  as  in  most  insects,  a  luxurious 
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growUi  of  hairs  on  the  inside  of  the  stigcnai  forms  a  thick  filter  for  the  air.  Thus 
we  see  that  also  in  this  respect  each  species  of  insect  is  completely  adapted  to  its 
surroundings."     (Krancher.) 

The  closing  apparatus  of  tbe  stigma.  —  Whether  the  external  o\te\\- 
ing  of  the  stigma  is  permaueutly  open  or  closed,  cotumuuicatiou  with 
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the  trachesB  may  be  cut  off  at  pleasure  during  respiration  by  an  in- 
ternal apparatus  of  elastic  chitinons  bands  and  rods  and  the  occlusor 
muscle. 

The  parts  concerned  in  this  operation  are:  1.  The  clusing  bow; 
2.  The  closing  lever  or  peg ;  3.  The  closing  band ;  4.  The  occlusor 
muscle  (Figs.  4a">,  40C). 

•'  The  first  three  parts  are  chitinized  ;  they  form  a  ring  around  the 
stijjmatio  opening,  and  are  united  to  each  other  by  joints.    The  bow 
is  usually  crescentic  and  aa  a  nile  sur- 
i-ounds  one-half  of  the  trachea.     On  the 
other  aide  is  the  closing  band  which,  by 
different  contrivances,  representing  the 
closing  lever   or   peg,  liecomes  closely 
pressed  t^ainst  the  closing  bow.     This 
lever   is   usually    of   the   shape    of    a 
slender  chitinous  i-od,  which  causes  the 
closure  j  but  it  can  also  bend  rectangu- 
larly, become  converted  into  a  tyi)ical   ^f,^i^Zs^*'''^frM^u»'"'m'>HH 
lever  as  in  the  Lepidoptera,  or  it  may   E';?rV.iiL!i''{.:!l''"^. ''.JiK 
assume  the  form  of   two  peg-like  pro-  "i'J||Jjf|=  £v"'*m''oMliHor"ninwK- 
cesses,   which    press    with    their   base  "jiw™!"  wbh-hiieitiierooHnKiiiisov^r 
against  the  closing  bow."     (Krancher.) 

"The  closure  of  the  spiracular  opening  is  effected  by  the  con- 
traction of  the  muscles,  while  the  opening  is  due  to  the  elasticity 
of  the  chitinous  parts.     When  at  rest  the  spiracle  is  naturally  open, 
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so  that  the  air  in  the  trachea  can  directly  communicate  with  the 
external  air.  Usually  one  end  of  the  muscle  is  attached  to  the  clos- 
ing peg,  and  the  other  end  to  the  closing  bow.  Where,  as  in  Melo- 
lontha,  the  closing  ai)paratus  is  provided  with  two  levers,  then  natu- 
rally the  muscle  binds  these  two  together  and  brings  alK)ut  by 
powerful  contractions  a  firm  closure  of  the  trachea  " ;  but,  remarks 
Krancher,  ^'  this  is  not  the  only  kind ;  there  are  numerous  modifica- 
tions. Besides  the  form  just  described,  the  levers  assume  the  form 
of  valves  (Sirex),  or  of  a  brush  (Pulex);  or  of  a  ring  (larvie  of 
Diptera)  with  a  circular  muscle  attached  to  it;  or  of  a  ring  which 
simply  becomes  compressed  (thoracic  stigmata  of  diptera)." 

c.  Morphology  and  homologies  of  the  tracheal  system 

As  first  shown  by  Butschli,  the  tracheal  system  is  a  series  of  seg- 
mentally  arranged  tubular  invaginations  of  the  ectoderm ;  a  jiair  of 
stigmata  primitively  occurring  on  every  segment  of  the  body  except 
perhaps  the  most  anterior,  and  the  last  two  or  last  one,  a  reduction 
in  their  number  having  since  taken  place,  until  in  the  Podurans  none 
have  survived.  In  the  supposed  ancestor  of  myriopods  and  insects, 
Peripatus,  there  are  tracheas;  but  they  are  very  fine,  simple,  not- 
branched  chitinous  tubes  which  are  united  into  tufts  at  the  base  of 
a  flask-shaped  depression  of  the  integument,  the  outer  aperture  of 
which  depression  is  regarded  as  a  stigma.  In  one  species  {P.  eft- 
warchii)  these  tufts  and  their  openings  are  scattered  irregularly  over 
the  body;  but  in  another  kind  (P.  eapenHitt)  some  of  the  stigmata  at 
least  show  trac>es  of  a  serial  arrangement,  being  disposed  in  longi- 
tiulinal  rows -«— two  on  each  side,  one  dorsal ly  and  one  ventrally, 
those  of  each  row,  however,  being  more  numerous  than  the  pairs  of 
legs.     (See  p.  9  and  Fig.  4,  D.) 

It  should  be  observed  that  in  Peri])atus,  which  does  not  jx>ssess 
urinary  tubes,  the  segmental  organs  or  nephridia  are  well  developetl, 
hence  the  tracheal  tubes  coexisting  with  them  cannot  be  their  liomo- 
logues.  We  are  therefore  compelled  to  regard  the  tracheal  system 
as  of  independent  origin,  arising  in  the  earliest  terrestrial  air-breath- 
ing arthropod,  and  not  indebted  for  its  origin  to  any  structure  found 
in  worms,  unless  ])erhaj)S,  as  both  Kennell  and  Lang  suggest,  to 
dermal  glands,  since,  according  to  Kennell,  certain  Hirudinea  and 
many  Turbellarian  worms  possess  long,  mostly  unicellular,  glands 
which  spread  far  through  the  parenchyma  of  the  body.     (Kennell.) 

Thus  Kennell  supposes  that  the  ancestors  of  the  Tracheates  had  spiracles  on 
every  segment  of  the  bociy  where  the  internal  organization  allowed  them  to  exUt 
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"The  reduction  of  the  breathing  holes  to  a  Rinaller  nuiuber,  and  their  reatriction 
(it  a  pair  only  to  a  single  Begnient,  was  brought  about  partly  by  adaptation  to  a 
peculiar  mode  of  life,  — as  insect  larvie  especially  teach  us,  —  partly  also  —  I  may 
say  mechanically  —  as  a  result  of  the  obstruction  to  their  deTetopment  made  by 
the  growlh  or  excessive  development  of  other  organs."  Among  these  he  reckons 
the  thick,  dense  cuticula  oF  the  integument,  the  internal  fusion  of  several  seg- 
ments to  form  bndy-regionH,  and  the  arrangement  and  great  development  of  the 
muscles  In  the  head  and  thorax,  etc.     (p.  '29.) 

Kennell  has  suggested  the  origin  of  the  trachea  of  Peripatus  from  the  unicellu- 
lar dermal  glands  of  annclidan  ancestors,  since  he  has  found  glands  in  certain 
land-leaches  of  tropical  America,  nhich  are  provided  with  enormously  long  tubu- 
lar passages  united  into  bundles  and  opening  externally,  tliese  tubes  appearing 
to  be  slightly  chitinized.     Fig.  4(17  will  show  the  appearance  of  a  bundle  of  fine 
tracheal  tubes  of  Peripatus  ending  at  the  bottom  of  a  follicle  formed  by  a  deep 
invagination  of  the  integument,  which  may  be  regarded  as  a  primitive  spiracle. 
(Sef  Kennell,  I'eber  einige  Latidbliitegel  des  tropical  America,  Zool.  Jahrb.  ii, 
1888 ;  also  Die  VerwanillscliaftsveriialtnlKse  der  Arthropoden,  1B9I,  p.  ao.)    Via 
may  add  that  Carrifere  suppones  from  his  study  of  the  embryology  of  the  walUbee 
(Chnlieoiloma  iiitirai'ia),  published  In  180U,  that  not  only  the  salivary  glands,  but 
also  ihe  tenlorium,  are  homologues  of  the  tracheie,  white  other  structures  than 
trachea  may  have  evolved  from 
unicellular  ilermal  glands,  which 
are  widely  distributed.     It  may 
in  this  connection  be  observed 
that  some   authors    derive   tlie 
book-tuna's  or  book-leaf  tracheie 
of  Arachuida  from  the  gills  of 
LimuluH ;     hence    If    those    of 
Arachnida  arose  from  quite  dif- 
ferfut     an<l     more    specialized 
organs  than  deruial  glands,  it  is 
not  impossible  that  the  tracheie 
■if   I'eripatus,   Myriopods,    and 
insects  arose  iIp  novo,  and  then 
we  need  not  look  for  any  primi' 
tive  structures  in  worms   fnim 
which  tliey  aiMse.  j-„,  ^-_  _  ^^,|„„  thronrt  m  truhnl  pit  »i<l  dlvwB- 

Althouch  BUtschli  in  1870  in    Iw  bunillps  of  t™ch«l  tubcf  ukon  imn.rmjJv  lo  ti.c- 
hisembiTology  of  the  honey-bee   .Mnmhrf;  »,.<', orli.n^mMinrthM^iiniivitaauwW 
called  attention  to   the   "  great    I*";  "^^b  «*>"■  "  int«"l»  »>oim  the  woiw  of  tlw 
Similarity  winch  the  eleven  pairs    AH.Tltolfoiir.  (Wiins«l«Ktrk. 
of   invaginations   in  the  eleven 

finit  trunk-segments  in  their  first  indication  (niilnffc)  have  with  Ihe  spinning- 
glands,  and  also  with  the  segmental  organs  of  Annelida,"  he  did  not  go  further 
than  this,  and  it  1b  now  known  that  in  the  2d  maxillary  segment  open  not  only 
spinning-glands,  but  in  the  embryo  a  pair  of  stigmata. 

Paul  Mayer,  however,  regarded  Uie  trachefe  and  urinary  tubes  as  homodyna- 
raouB  structures,  and  tliia  view  was  advocated  by  Qrassi  (1885)  for  the  reason 
that  while  in  the  embryo  lioney-liee  there  are  ten  pairs  of  stigmata,  the  HtBt 
llioracic  and  two  last  abdominal  segments  wanting  them,  the  germs  of  the  uri- 
nary tuties  arise  In  a  corresponding  situntion  on  the  two  last  abdominal  segments. 
To  this  view  Emery  (Biol,  Centralb.,  188(1,  p.  502)  objects  that  in  I'eripatus  the 
nephridia  and  tracheie  "  have  nothing  to  do  with  the  segmental  organs,"  as  Peri- 
patus besides  nepliridia  possesses  both  coial  glands  and  tracheie. 
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Both  Kennell  and  Lang  derive  the  coxal  glands  of  Arthropoda  from  the  seti- 
parous  or  parapodial  glands  of  annelid  worms,  and  the  recent  endeavor  of  Bernard 
to  show  that  the  trachese  arose  from  setiparous  glands  seems  to  be 'disproved  by 
the  fact  that  in  insects  as  well  as  in  other  Arthropoda  coxal  glands  with  their 
outlets  exist  in  the  same  segments  as  those  bearing  stigmata.  Reasoning  by 
exclusion,  we  are  led  to  regard  Kennell's  original  view  as  the  soundest. 

Patten,  however,  regards  the  tracheae  as  modified  ends  of  nephridia,  remark- 
ing :  *^  Since  in  Acilius  some  of  the  abdominal  tracheae  at  first  communicate  with 
the  cavities  of  the  mesoblastic  somites,  it  is  probable  that  all  the  tracheae  repre- 
sent the  ectodermic  portions  of  the  nephridia.^*  (Origin  of  Vertebrates  from 
Arachnids,  p.  356.) 

It  is  probable,  therefore,  that  the  tracheae  first  arose  as  modifica- 
tions of  dermal  glands,  as  in  mites  and  Peripatus,  and  that  at  first 
they  were  not  provided  with  tsenidia  (as  in  Chilopoda),  while  in  later 
forms  taenidia  were  developed.  In  the  earliest  tracheate  forms  the 
stigmata  were  not  segmentally  arranged,  probably  appearing  irregu- 
larly anywhere  in  the  body,  but  afterwards  in  the  myriopods  and 
insects  became  serially  arranged. 

'  d.   The  spiral  threads  or  taenidia 

It  is  generally  supposed  that  the  so-called  "  spiral  thread  "  forms 
a  continuous  thread  from  one  end  of  a  tracheal  branch  to  the  other. 
This  was  first  shown  not  to  be  the  case  by  Platner  in  1844.  Minot 
has  proved  that  "there  is  not  a  single  spiral  thread,  but  several, 
which  run  parallel  to  one  another  and  end  after  making  a  few  turns 
around  the  trachea." 

The  tjBnidia  we  have  found  to  be  in  some  cases  separate,  indepen- 
dent, solid  rings,  though  w^hen  there  is  more  than  one  turn  the 
thread  necessarily  becomes  spiral.  The  taenidia  of  a  main  branch 
stop  at  the  origin  of  the  smaller  branches,  and  a  new  set  begins  at 
the  origin  of  each  branch.  The  taenidia  at  the  origin  of  the  branch 
do  not  pass  entirely  around  the  inside  of  the  peritoneal  membrane; 
in  the  axils  they  are  short,  separate,  spindle-shaped  bands  (Fig.  409). 

At  one  point  in  the  main  trachea  of  the  larva  of  Datana  the  tsBnidia  were 
seen  to  end  singly  on  one  side  (at  a  considerable  distance  from  any  branch  or 
axil)  at  intervals,  with  a  taiuidium  situated  between  them,  making  four  or  five 
turns ;  then  there  is  only  one  band  situated  between  two  ends ;  this  band  or 
thread  u  succeeded  by  a  set  with  five  turns  between  the  two  ends,  this  set  being 
succeeded  by  one  complete  ring  situated  between  two  ends  ;  in  all  cases  the  ends 
vary  in  length,  some  threads  being  short  and  others  long,  so  that  they  apparently 
end  anywhere  along  the  circumference  of  the  trachea,  and  this  arrangement  is 
seen  to  apparently  extend  along  the  whole  length  of  the  trachea.  Hence  it  is 
seen  that  as  a  rule  the  tsenidia  vary  much  in  length,  and  never,  as  generally 
supposed,  pass  continuously  from  one  end  to  another  of  a  tracheal  branch,  for 
there  are  many  spirals  in  a  branch,  each  making  only  from  one  to  five  tarns. 
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moat  usually  four  lunis.  Fig.  408,  part  ot  a.  trachea  of  Dylicus  marginatum, 
showR  that  at  a  slight  beod  in  a  trachea  the  tteDidium  is  interrupted,  and  short, 
incomplete,  wedge-sliaped  tceaidia  (e)  are  iDterpolated  ;  M  A,d  \m  seen  a  split 
in  one  of  the  t*nidia  (compare  also 
MacLeod,  Pi.  1,  Fig.  0).  The 
threads  are  quite  irregular  ic  width. 
In  the  aiils  of  the  branclieB  there 
is,  as  seen  in  Fig.  400,  a  ba^iket- 
work  of  independent,  short,  often 
spindle-shaped  tcenidia  ;  these  are 
succeeded  by  longer  ones,  until 
'  we  have  threads  passing  entirely 
around  near  ihe  base  of  each  new 
brand)  ;  these  being  succeeded  by 
others  which  make  from  two  to 
five  spiral  turns. 

The  shape  of  the  tfenidia 
appears  to   vary   to  a    great 
extent.     In  lepidopteroiis  in- 
sects we  have  observed  them    diamr<r^,«dror!^nMii'''"'"' ■''■'''''"' '*'''" 
to  be  in  their  general   shape 

rather  flat  and  slightly  coneavoK!onvex,  the  hollow  looking  towards 
the  centre  of  the  trachea.  Minot's  section  (Fig.  393)  shows  that 
in  Hydrophilus  they  are  cylindrical  and  solid,  and  Chun  states 
that  those  of  Strationiys  are  round,  while  in  Eristalis  they  are 
round,  with  a  ridge  projecting  into  the  cavity  of  the  trachea;   in 


Fio.  «9.  —  Tenldbi  grDjllcai.  Ln  in  ailL  of  two  bnocbtt ;  i.  t.  ends  of  Oenldli. 

jEschna  the  thread  is  quadrangular.  MacLeod  states  that  some- 
times it  is  cylindrical,  in  other  cases  flat,  likewise  prismatic;  Mac- 
loskie  believes  that  the  spiral  threads  of  the  centijiede  are  "fine 
tubules,  externally  opening  by  a  fissure  along  their  course." 

Stokes  confirms  Macloskie's  statements,  stating  that  in  the  hemip- 
terous  Zaifha  Jlrnninea  "the  tfeniilla  are  fisHured  tubules  formed 
within  and  from  chitinized  folds  of  the  intima,  the  convexity  of  the 
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folds  looking  towards  the  lumeu  of  the  tracheae,"  In  Fig.  414,  i, 
are  represented  portions  of  several  teenidia  showing  the  tii>i>ure, 
which  is  sometimes  interrupted;  at  t  are  seen  "the  formation  of 
what  may  be  called  apertures  in  a  chitinous  bridge."  Stokes  re- 
gards the  Uenidia  as  "  in- 
wardly directed  folds  of 
tlie  membrane."  >'earthe 
c  spiracles  the  tracheal 
membrane  is  externally 
studded  with  minute  pa- 
pi  li<e,  as  shown  at  t, 
where  are  represented 
three  broad  and  incom- 
plete ttenidia,  with  the 
tai  er  ng  end,  or  the  l)e- 
gn  ng  of  anothpr. 
Stokes  ad  Is,  "  Here  they 
aie  oi  Ij  broad  grooves, 
V  th  o  appearance  of 
tl  e  1  ano  fissure  of  the 
completed  taenidiuin.  At 
«,,,^^yV";,7,Iim„:'t'lSS,2;"JL''d"r«';?,fft^^  '  '«  figuied  a  portion  of 
of  i^rj'™"'''''"'''''"^'''"'''''''*'^ ''"'""*"''''■"'''"'"' "'''  ^^^-  internal  surface  of  a 
large  trachea  near  the 
external  orifice,  the  ttenidia  being  in  an  incipient  sfcige,  evidently 
forming  more  or  less  of  a  network,  as  is  usually  the  case  next  to  the 
stigma"  (^compare  p.  4i>l,  and  Fig.  414). 

Tlie  tracheiE  of  chilopod  myrlopods  ftppear  to  be  like  those  fit  Insects.  A 
number  of  authors  have  failed  to  detent  ilie  spiral  threads  in  the  Julid;^,  As 
to  the  Arachnida,  several  obaurvers,  including  Menjire  and  Bertkau,  have  deiii«d 
the  existPiice  of  the  spiral  Uireail  in  the  spidi'rs  with  the  exception  of  the  Atli- 
die ;  and  MacLeod  finds  them  '■  scarcely  visible  "  in  Argyruneta. 

Besides  the  tracheie,  the  salivaiy  duct  is  kept  iierinanently  dis- 
tended by  trenidin,  which,  however,  are  not  spiral.  They  nsnally 
form  incomplete  rings,  as  in  Stomoxys,  arranged  as  shown  in  Fig. 
410. 

The  labella  (proboscis)  of  flies  are  supi)orted  by  incomplete  chiti- 
nous tni)es  or  "  psetido-tracheiB,"  the  ends  of  which  form  the  scrap- 
ing teeth,  this  l>eing,  according  to  Dimmock,  their  primary  function, 
Dimmock  descrilws  them  as  cylindrical  channels  opening  on  the  sur- 
face in  zigzag  slits.  These  channels  are  held  open  by  incomplete 
rings,  one  end  of  which  is  forked.     "These  rings  are  apparently 
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arranged  so  that  one  has  its  fork  oa  one  side  of  the  opening  of  the 
channel,  the  next  ring  the  fork  on  the  opposite  side  of  the  channel, 
and  so  on,  in  alternation.    Their  true  struct- 
ni'e  is  revealed  when  flattened  out."  5ww>3 

The  use  of  the  elastic  tisnidia  is  to  render  ^^c/  ^ 

the  tracheie  elastic,  and  to  keei)  them  per-  \ 

niaiiently  open,  as  is  the  case  with  the 
patallel  rings  of  the  trachea  of  the  higher 
vertebrates.  The  ti-achete  are  thus  rendered 
ttrni  and  solid,  at  the  least  expense  of  chiti- 
nous  material.  The  spiral  thread,  as  Mac- 
Leod remarks,  "  is  the  realization  in  nature 
of  what  engineers  call  a  form  of  the  greatest 
■■esistance."  . 

The  tfcnidia  are  wanting  in  Ihe  fine  endinRH  of  '-^fO^ 

the  traclieiE  (tracheal  capill»ries) ;  also  In  the  cock-  ^^ 

roach,  according  to  Miall  and  Denny,  they  are  not  Fia.41l.~AtHloinlMl>|>li«- 

developed  In  tlie  large  tracheae  close  to  the  spiracles,  '^^  ','/?„iJaf'  iMi.™»^?*'ii|i«w' 

and  the  intima  or  wall  of  the  lube  has  a  tessellated  \ng  ihr  trivr-'  ji.  Inti'ml  liniirK  nf 

Instead  of  a  spiral  marking  (KiR.4Il).    The  same  '^^  ThpTf""ilot^r.iru"- 

Htructnre  is  seen   In  the    Perlida;  (Neuioura,  Ger-  uruoftpinu'Lviiiuitnirhniiihuu'ii 

Rtaecker,  Zeit.  f.  wissen.  Zool.  xxiv.  Taf.  xxlli.  Figs.  ?^;;ii'^£r'',t,,^'"2'V'-''An"r 

:>  and  T) ;  also  in  .I'^achna  (Hagen,  /out.  Anz.  1880,  Miiiiiin<l  hcnny. 
p.  150).     In  certain  fine  tracheie  of  the  eyes  of  the 

(ly  no  spiral  threads  are  developed.    (Hicktton.)    The  air-sacs  or  dilated  traches 
are  also  without  tienidia. 


"While  in  the  living  insect  the  main  and  s 
with  air,  it  is  stated  \\y  Von  Wistinghausei 
ends  contain  a  fluid. 


laller  trachea;  are  filled 
that  the  fine  capillary 


«.   Origin  ol  the  tiacbft«e  and  of  th«  '■  Bpiral  thrsad  " 

While  we  owe  to  Biitschli  the  discovery  of  the  motie  of  origin 
and  morphology  of  the  tracheie,  which  as  he  has  shown'  arise  hy 
invaginations  of  the  eotoblast;  there  being  originally  a  single  layer 
of  epiblastic  cells  concerned  in  the  formation  of  the  trachea);  we 
are  indebted  to  Weisniann '  for  the  discovery  of  the  mode  of  origin  of 
the  "intima,"  from  the  epiblastic  layer  of  cells  forming  the  primi- 
tive foundation  of  the  tracheal  structure. 


>  Zur  EntwickluDESKCSchichte  der  Biene.  Zellschr.  wiraens.  Zoologie,  xx,  p.  '■ 
70. 
'  Die  Ealwicklung  der  Diplereti  im  Ei,  Zeltschr.  vrlsseDa.  Zoologie.  xill.  184x1. 
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Weismann  did  n6t  observe  the  earliest  steps  in  the  process  of  formation  of  the 
stigma  and  main  trunk  of  th»  tracheae,  which  Butschli  afterwards  clearly  de- 
scribed and  figured. 

Weismann,  however,  thus  describes  the  mode  of  development  of  the  intima ; 
after  describing  the  cells  destined  to  form  the  peritoneal  membrane,  he  says : 
**  The  lumen  is  filled  with  a  clear  fluid  and  already  shows  a  definite  border  in  a 
slight  thickening  of  the  cell-wall  next  to  it. 

*■*•  Very  soon  this  thickening  forms  a  thin,  structureless  intima,  which  passes 
as  a  delicate  double  line  along  the  cells,  and  shows  its  dependence  on  the  cells 
by  a  sort  of  adherence  to  the  rounded  sides  of  the  cells  (Taf.  vii,  97  ^,  a  6  c). 
Throughout  the  mass,  as  the  intima  thickens,  the  cells  lose  their  independence, 
their  walls  pressing  together  and  coalescing,  and  soon  the  considerably  enlarged 
hollow  cylinder  of  the  intima  is  surrounded  by  a  homogeneous  layer  of  a  tissue, 
whose  origin  from  cells  is  recognized  only  by  the  regular  position  of  the  rounded 
nuclei  (Taf.  vii,  Fig.  97,  B). 

**Then  as  soon  as  the  wavy  bands  of  the  intima  entirely  disappear,  and  it 
forms  a  straight,  cylindrical  tube,  a  fine  pale  cross-striation  becomes  noticeable 
(vii,  97,  Bj  iiit)y  which  forms  the  well-known  'spiral  thread,'  a  structure  which, 
as  Leydig  has  shown,  possesses  no  independence,  but  arises  merely  from  a  par- 
tial thickening  of  the  originally  homogeneous  intima. 

''Meyer's  idea  that  the  spiral  threads  are  fissures  in  the  intima  produced  by 
the  entrance  of  air  is  disproved  by  the  fact  that  the  spiral  threads  are  present 
long  before  the  air  enters.  Hence  the  correctness  of  I^ydig's  view,  based  on 
the  histological  stnicture  of  the  trachese,  is  confirmed  by  the  embryological  de- 
velopment, and  the  old  idea  of  three  membranes,  which  both  Meyer  and  Milne- 
Edwards  maintain,  must  be  given  up." 

Weismann  also  contends  that  the  elastic  membrane  bearing  the  *' spiral 
thread  "  is  in  no  sense  a  primary  membrane,  not  corresponding  histologically  to 
a  cellular  membrane.  On  the  contrary,  the  "peritoneal  membrane  comprises 
the  primary  element  of  the  tiTichea ;  it  is  nowhere  absent,  but  envelops  the 
smallest  branches,  as  well  as  the  largest  trunks,  only  varying  in  thickness,  which 
in  the  embryo  and  the  young  larva  of  Musca  stands  in  relation  to  the  thickness 
of  the  lumen." 

The  trachea,  then,  consists  primarily  of  an  epithelial  layer,  the 
"  peritoneal  membrane,"  or  the  invaginated  epiblast ;  from  this  layer 
an  intima  is  secreted,  just  as  the  skin  or  cuticle  is  secreted  by  the 
hypodermis.  We  may  call  the  peritoneal  membrane  the  ectotrachea, 
the  intima  or  inner  layer  derived  from  the  ectotrachea  the  endth 
trachea.  The  so-called  "  spiral  threads "  are  a  thickening  of  the 
endotracheal  membrane,  sometimes  arranged  in  a  spiral  manner.  For 
these  chitinous  bands  we  have  proposed  the  name  tcejiidia  (Greek,  lit- 
tle bands). 

As  to  the  origin  of  the  spiral  thread  our  observations '  have  l>een 
made  on  the  caterpillar  of  a  species  of  Datana,  which  was  placed  in 
alcohol,  just  before  pupation,  when  the  larva  was  in  a  semi-pupal 
condition,  and  the  larval  skin  could  be  readily  stripped  off.  At  this 
time  the  ectotrachea  of  the  larva  had  undergone  histolysis,  nothing 

1  Amer.  Naturalist,  May,  1886,  p.  438. 
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remaining  but  the  moulted  eiidotracliea,  reiireseuteil  by  the  tfenidia, 
which  lay  loosely  within  the  cavity  of  the  trachea.     The  ectotrachea 
or  peritoneal  membrane  of  the  pupa  is  meanwhile  in  process  of 
foi'matiuu ;  the  nuclear  origiu  of  the  tanidia  is  now  very  apparent. 
Fig.  412  represents  a  longitudinal   section  through  a  secondary 
tracheal  branch,  show- 
ing'  the  origin  of    the 
chitinous  bands,  or  t£e- 
uidia.     At  ('  are  pieces 
of   six  tienidia  which 

have     been     moulted ;  GCip 

eetr  indicates  the  nu- 
clei forming  the  outer 
cellular  layer,  the  ecto- 
trachea or  peritoneal 
membrane.     These  nu-  L 

elei  send  long  slender  p,^  4i2.-i^«g«udia.i  »«.ion  or  .  ir«hea.  ,ho>vi„g  ih. 
prolongations  around  origip«fthcwnidi*, 
the  insido  of  the  peri- 
toneal meuibi-ane :  these  prolongations,  as  may  be  seen  by  the  figure, 
become  the  t»?nidia.  The  teenidia,  being  closely  approximate,  grow 
together  more  or  less,  and  a  thin  endotracheal  membrane  is  thus 
procluced,  of  which  the  tKnidia  are  the  thickened  band-like  portions. 
The  endotracheal  membrane  is  thus  derived  from  the  ectotrachea, 
or  primitive  tracheal  mem- 
brane, and  the  so-called  "spiral 
thiead"  is  formed  by  thicken- 
ings of  the  nuclei  composing 
the  secoiidar\  layer  of  nuclei, 
and  iihich  betome  filled  with 
the  chitin  aeireted  by  these 
elongated  nuclei.  The  middle 
[wrtion  of  the  tfenidia.  im- 
mediateh  after  the  moult,  is 
clear  and  transparent,  with 
obsture  minute  granules,  while 
the  nuclear  base  of  the  cell  is 
filled  aa  usual  with  abundant  granules,  and  contams  a  distinct 
nuf  leolll'^ 

The  origm  of  the  tsenidia  is  also  well  shown  by  Fig.  413.  which 
is  likewise  a  longitudinal  section  of  a  trachea  at  the  point  of  origiu 
of  a  branch.     The  peritracheal  membrane  or  ectotrachea  (ectr)  is 
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composed  of  large  graautated  nuclei ;  and  witliiu  are  the  more  trans- 
parent endotracheal  cells ;  at  ('  are  fragments  of  the  iiiuiilted  t*nidia. 
The  new  t»nidia  are  in  process  of  development  at  (;  at  base  they 
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are  seen  to  be  granulated  nuclei,  with  often  a  distinct  nucleolus,  each 
sending  a  long,  slender,  transparent,  pointed  process  along  the  inside 
of  the  trachea.  These  unite  to  form  the  chitinous  bands  or  spiral 
threads. 

Internal  hair-like  bodies.  —  In  the  large  tracheae  of  Lampyris  very 
line  chitinous  bristles  project  free  into  the  cavity  of  the  tube  (Ger- 
staecher),  while  according  to  Ley  dig  there  are  similar  chitinous  points 
in  the  tracheae  of  the  Carabid  beetle  Procrustes.  Dugardin  had 
previously  (1849)  called  attention  to  such  hairs,  giving  a  list  of  the 
insects  in  which  he  observed  them.  Emery  figures  a  section  of  the 
tracheae  of  Luciola,  "  in  wendig  behaart."  ^  Stokes  has  described 
those  of  Zaithafluminea  (Fig.  414)  as  "internal  chitinous,  hair-like 
bodies  arising  from  the  fold  of  the  taenidia  and  projecting  into  the 
lumen  of  the  tubes."  They  are  hollow,  their  minute  cavity  distinctly 
communicating  with  that  of  the  taenidium,  from  w^hich  they  arise  by 
an  enlarged  base.  They  end  in  an  exceedingly  fine  point  which  is 
occasionally  bifid  or  trifid.  In  Fig.  414,  4,  several  are  shown  attached 
to  the  wrinkles  of  the  tracheae  near  a  spiracle,  and  at  6  is  repre- 
sented a  transverse  section  of  a  trachea  with  three  hairs  projecting 
into  its  cavity.* 

Stokes  has  also  described  *^  certain  minute,  elliptical  bodies  in  the  tsenidia, 
each  with  an  internal,  presumably  glandular,  appendage,  to  all  appearance 
forming  part  of  the  tsenidium  from  which  it  springs/'  These  are  shown  in 
Pig.  414,  at  1,  3,  and,  more  in  detail,  at  6;  those  at  7,  whose  thickness  is  about 
uoffj  ^^  ^^  inch,  appear  as  collections  of  exceedingly  minute,  rounded  apertures 
in  a  cushion-like  mass.  Altliough  not  commonly  occurring  on  the  tracheal 
membrane  between  the  tsenidia,  they  may  be  found  there,  as  at  4. 


/.  The  mechanlBm  of  reBpiratdon  and  the  respiratory  movements 

of  insects 

By  holding  a  locust  in  the  hand  one  may  observe  the  ordinary 
mode  of  breathing  in  insects.  During  this  act  the  portion  of  the 
side  of  the  body  between  the  stigmata  and  the  pleurum  contracts  and 
expands ;  the  contraction  of  this  region  causes  the  spiracles  to  open. 
The  general  movement  is  caused  by  the  sternal  moving  much  more 
decidedly  than  the  tergal  portion  of  the  abdomen.  When  the  pleural 
portion  of  the  abdomen  is  forced  out,  the  soft  pleural  membranous 
region  under  the  fore  and  hind  wings  contracts,  as  does  the  tym- 
panum, or  ear,  and  the  membranous  portions  at  the  base  of  the  hind 
legs.     When  the  tergum  or  dorsal  portion  of  the  abdomen  falls,  and 

1  Zeitschr.  wissens.  Zoologie,  xl,  1884,  Taf .  xix,  Fig.  8,  T, 

2  Science,  1893,  pp.  44-16. 
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the  pleurum  contracts,  the  spiracles  open ;  their  opening  is  nearly 
but  not  always  exactly  coordinated  with  the  contractions  of  the 
pleurum,  but  as  a  rule  they  are.  There  were  65  contractions  in  a 
minute  in  a  locust  which  had  been  held  between  the  lingers  about 
ten  minutes.  It  was  noticed  that  when  the  abdomen  expanded,  the 
air-sacs  in  the  first  abdominal  ring  contracted. 

For  expanding  the  abdomen  no  special  muscles  are  required,  since 
it  expands  by  the  elasticity  of  the  parts.  For  contracting  its  walls 
there  are  two  sets  of  muscles,  viz.,  special  vertical  expiratory  muscles 
serving  to  compress  or  flatten  the  abdomen  (Figs.  415-418),  and 
other  muscles  which  draw  together  or  telescope  the  segments. 

It  was  formerly  supposed  that  when  the  abdomen  contracted  the 
air  was  expelled  from  the  body  and  the  tracheae  emptied ;  that,  when 
the  abdomen  again  expanded  by  its  own  elasticity,  tlie  air-tubes  were 
refilled,  and  that  no  other  mechanism  was  needed.  But  Landois 
insisted  that  this  was  not  enough;  as  Miall  and  Denny  state: 
"  Air  must  be  forced  into  the  furthest  recesses  of  the  tracheal  system, 
where  the  exchange  of  oxygen  and  carbonic  acid  is  effected  more 
readily  than  in  tubes  lined  by  a  dense  intima.  But  in  these  tine  and 
intricate  passages  the  resistance  to  the  passage  of  air  is  considerable, 
and  the  renewal  of  the  air  could,  to  all  appearance,  hardly  be  effecte<l 
at  all  if  the  inlets  remained  open.  Landois  accordingly  searched  for 
some  means  of  closing  the  outlets,  and  found  an  elastic  ring  or  spiral, 
which  surrounds  the  tracheal  tube  within  the  spiracle."  By  means 
of  the  occlusor  muscle  this  ring  compresses  the  tube,  "  like  a  spring 
clip  upon  a  flexible  gas-pipe."  **Wlien  the  muscle  contracts,  the 
passage  is  closed,  and  the  abdominal  muscles  can  then,  it  is  supposed, 
bring  any  needful  pressure  to  bear  upon  the  tracheal  tubes,  much  in 
the  same  way  as  with  ourselves,  when  we  close  the  mouth  and 
nostrils,  and  then,  by  forcible  contraction  of  the  diaphrj^m  and 
abdominal  walls,  distend  the  cheeks  or  pharynx." 

Thus  an  important  point  in  the  respiration  of  tracheate  animals, 
whether  insects,  myriopods,  or  arachnids,  is,  as  Landois  claimed,  the 
closure  of  the  spiracles,  in  order  that  pressure  may  be* brought  upon 
the  air  in  the  tubes,  so  that  it  may  pass  onward  into  the  finest  ter- 
minations. 

The  injection  of  air  by  muscular  pressure  into  a  system  of  very 
fine  tubes  may,  as  Miall  and  Denny  remark,  appear  extremely  diffi- 
cult or  even  impossible.  Graham  (Researches,  p.  44)  applies  the  law 
of  diffusion  of  gases  to  explain  the  respiration  of  insects,  but  until 
physical  experiments  have  been  made,  we  may,  with  Miall  and  Denny, 
'*  be  satisfied  that  an  appreciable  quantity  of  air  may  be  made  by 


MECHANISM  OF  RESPIRATION  453 

muscular  pressure  to  flow  along  even  the  finer  air-passages  of  an 
insect." 

As  to  the  respiratory  movements  of  insects,  Plateau  is  the  principal 
authority,  and  the  following  account  of  the  process  is  taken  from  his 
elaborate  memoir,  and  from  the  statements  afterwards  contributed 
by  him  to  Miall  and  I)euny*s  "  The  Cockroach." 

Although  many  observers  have  superficially  described  the  respi- 
ratory movements  of  various  insects,  Rathke  was  the  first  one  to 
state  precise  views  as  to  the  mechanism  of  respiration.  His  posthu- 
mous work,  treating  of  the  respiratory  movements  of  the  movable 
chitinous  plates  of  the  abdomen,  and  of  the  respiratory  muscles 
characteristic  of  all  the  principal  groups,  filled  an  important  blank 
in  our  knowledge.  But,  notwithstanding  the  skill  displayed  in  this 
research,  many  questions  still  remain  unanswered  which  require 
more  exact  methods  than  mere  observations  with  the  naked  eye  or 
the  simple  lens. 

Plateau,  who  was  followed  a  year  later  by  LangendorfF,  conceived 
the  idea  of  studying,  by  such  graphic  methods  as  are  now  familiar, 
the  respiratory  movements  of  perfect  insects. 

'*IIe  has  made  use  of  two  modes  of  investigation.  The  first,  or  graphic 
method,  in  the  strict  sense  of  the  term,  consisted  in  recording,  upon  a  revolving 
cylinder  of  smoked  paper,  the  respiratory  movements,  transmitted  by  means  of 
very  light  levers  of  Bristol  boaixl  attached  to  any  part  of  the  insect^s  exoskele- 
ton.  Unfortunately,  this  plan  is  only  applicable  to  insects  of  more  than  average 
size.  A  second  method,  that  of  projection,  consisted  in  introducing  the  insect, 
carried  upon  a  small  support,  into  a  large  magic  lantern  fitted  with  a  good  petro- 
leum lamp.  When  the  amplification  does  not  exceed  12  diameters,  a  sharp 
profile  may  be  obtained,  upon  which  the  actual  displacements  may  be  measured, 
true  to  the  fraction  of  a  millimetre.  Placing  a  sheet  of  white  paper  upon  the 
lantern  screen,  the  outlines  of  the  profile  are  carefully  traced  in  penoil  so  as  to 
give  two  superposed  figures,  representing  the  phases  of  inspiration  and  expiration 
respectively.  By  altering  the  position  of  the  insect  so  as  to  obtain  profiles  of 
transverse  sections,  or  of  the  different  parts  of  the  body,  and,  further,  by  gluing 
very  small  paper  slips  to  parts  whose  movements  are  hard  to  observe,  the 
successive  pasitions  of  the  slips  being  then  drawn,  complete  information  is  at 
last  obtained  of  every  detail  of  the  respiratory  movements  ;  nothing  is  lost." 

'*This  method,  similar  to  that  employed  by  the  English  physiologist,  Hutch- 
inson,^ is  valuable,  because  it  enables  us,  with  a  little  practice,  to  investigate 
readily  the  respiratory  movements  of  very  small  arthropods,  such  as  flies  or 
lady-birds.  It  has  this  advantage  over  all  others,  that  it  leaves  no  room  for 
errors  of  interpretation." 

*^  Not  satisfied  with  mere  observation  by  such  means  as  these,  of  the  respira- 
tory movements  of  insects,  the  writer  has  also  studied  the  muscles  concerned, 
and,  in  common  with  other  physiologists  (Faivre,  Barlow,  Luchsinger,  Donhoff, 
and  Langendorff),  has  examined  the  action  of  the  various  nervous  centres  upon 

1  Art.  Thorax,  Todd's  Cj-cl.  of  Anat.  and  Phys. 
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Fig.  415.  —  Muscles  of  right  half  of  the  abdomen  of  For- 
fictUa  auriciilaria :  A,  a,  longitudinal  tergal  and  sternal  mus- 
cles ;  2>,  E^  oblique  muscles  ;  a  (in  upper  figure)  vertical  expirator 
muscles. 


the  respiratory  organs.    The  result  at  which  he  has  arrived  may  be  summarized 
as  follows ;  — 

^^1.  There  is  no  close  relation  between  the  character  of  the  respiratory  move- 
ments of  an  insect  and  its  systematic  position.  Respiratory  movements  are 
similar  only  when  the  arrangement  of  the  abdominal  segments,  and  especially 
when  the  disposition  of  the  attached  muscles,  are  almost  identical.     Thus,  for 

example,  the  respiratory 
movements  of  the  cock- 
roach are  different  from 
those  of    other   Onhoi)- 
tera,  resembling  those  of 
the  heteropterous  Hemip- 
tera.    Those  of  the  Tri- 
choptera   are  like  those 
of  the  aculeate  Hymen- 
optera,  while  the  Locus- 
i'ldse    ally  themselves  in 
respect  to    tliese    move- 
ments with  the  Xeurop- 
tera  and  Lepidoptera. 
**2.   The  respiratory  movements  of  insects,  when  at  rest,  are  localized  in  the 
abdomen.     As  graphically  stated  by  Graber,  in  insects  the  chest  is  placed  at 
the  hinder  end  of  the  body.     If  thoracic  respiratory  movements  exist,  they  do 
not  depend  on  the  action  of  special  muscles. 

"  S.  In  most  cases  the  thoracic  segments  do  not  share  in  the  respiratory  move- 
ments of  an  insect  at  rest.  The  respiratory  displacements  of  the  posterior  seg- 
ments of  the  thorax  are,  however,  less  rare  than  Rathke  believed.  Plateau  has 
observed  them  in  certain  Coleoptera  (Staphylinus,  Chlorophanus,  Corymbitesi, 
and  they  are  more  feebly  manifested  in  Hydrophilus,  Carabus,  and  Tenebrio. 
Among  the  singular  exceptions  to  this  rule  is  the  cockroach  (Pen'pianHa 
oriental  18)^  in  which  the  terga  of  the  meso-  and  metathoracic  segments  perform 
movements  exactly  opposite  in  direction  to  those  of  the  abdomen  (Fig.  4H»  . 

"4.  Leaving  out  of  account  all  details  and  all  exceptions,  the  respirator}* 
movements  of  insects  may  be  said  to  consist  of  the  alternate  contraction 
and  recovery  of  the  figure  of  the  ab- 
domen in  two  dimensions,  viz.  vertical 
and  transverse.  During  expiration  both 
diameters  are  reduced,  while  during 
inspiration  they  revert  to  their  previous 
amounts.  The  transverse  expiratory 
contraction  is  often  slight,  and  may  be 
imperceptible.  On  the  other  hand,  the 
vertical  expiratory  contraction  is  never 
absent,  and  usually  marked.  In  the 
cockroach  (P.  orientalis)  it  amounts  to 
one-eighth  of  the  depth  of  the  abdomen  (between  segments  2  and  3) ;  in 
Eristalis  tenax  to  one-ninth  (at  the  2d  segment). 

**5.  Three  principal  types  of  respiratory  mechanism  occur  in  insects,  and 
these  admit  of  further  subdivision  : 

'*  a.  Sterna  usually  short  and  very  convex,  yielding  but  little.  Terga  mobile, 
rising  and  sinking  appreciably.  To  this  class  belong  all  Coleoptera,  heteropte- 
rous Ilemiptera,  and  Blattina  (Fig.  420). 

'*  In  the  e(ickroach  (Periplaneta),  the  sterna  are  slightly  raised  during  expira- 
tion (Fig.  421). 


AB  »C 


Fto.  41((.  —  Muscles  of  the  left  half  ni  ab- 
domen «»f  Staph ylinuft  oUh*:  A,  jB.  longitu- 
dinal dorsal  muscles;  /),  E,  oblique  fiutiria; 
a,  longitudinal  sternal  muscles  ;  ff,  respiratonr 
muscles  (vertical  expirators). 
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"6.  Terga  welldevHnped,  nverlnpping  thesteniaontheBideHof  the  body,  and 
nsnally  concealing  the  pleural  membrane,  which  forms  a  sunken  fold.  The  terga 
and  Htern!;  approach  and  recede  alternately,  the  sterna  beiug  almost  alnayn  the 
more  mobile.  To  this  type  belong  Odonata,  Dlpiera,  aculeate  Hymenoptera,  and 
acrydian  Orthoptera  (Fig.  422).  „ 

"c.  The  pleurai  membrane, 
connecting  the  terga  with  the 
sterna,  is  well  developed  and  ex- 
posed on  the  sides  of  tlie  body. 

The   terga  and   sterna  approach  ; 

and  recede  alternately,  while  the 
pleURtI  zone  simultaneously  be- 
comes depressed,  or  returns  to  its 
original    figure.      To   this   type, 

Plateau    assigns    the   Locustids,    pkf^lJ^.-^f^^'i^"  %  2'i'„'„X'""l''<l?'™  ""^ 
Lepidoptera,   and  the  true   Xeu-    cW :  n.  b,  lonitiudlnKl  aierml  inuKin :  I/,  r.  oblique 

Topiera  (eicluding  Trichoptera)    """i";  ■■"■in'pinWrmuwiM- 
CFig.  42.1).  ^ 

'•0.  Contrary  to  tlie  opinion 
once  general,  changes  in  length 
of  the  abdomen,  involving  protru- 
sion of  the  segments  and  sub- 
sequent retraction,  are  rare  in 
the  normal  respiration  of  insects. 
Such  longitudinal  movements  ex- 
tend throughout  one  entire  group 
only.  viz.  the  aculeate  Hymenop-         Fra.4l9.-Mii«:lc>nn,fth.lf  or.Momei.  of  McLo- 

tera.     Isolated  examples  occur,    loniiu.  ?  ;  vi.  A  lomritiidLnii  muwitni.rftrsfieiire  of 


nllu.  </  :  A.£ 
Jological    Th"".'ndFii''4 


howeser,     in     other    zoological    Thr»'«id  Fi^'.'4i5^i'-;'.n"«i''i.i^'.Z' 
groups. 

"  7.   Among  insects,  such  as  large  beetled,  Locnstid»,  dragon-flies,  etc,,  sufB- 
ciently  powerful  to  give  good  graphic  tracings,  it  can  be  shown  tliat  the  inspira- 
tory movement  is  slower  than  the  expiratory,  and  that  the  latter  is  often  sudden. 
"  S.    In  most  insects,  contrary  to  what  obtains  in  mammals,  only  the  expira- 
;  inspiration  Is  passive,  and  effected  by  the  elasticity  of 
the  body- wall. 

"9.  Most  insects  possess 
expiratory  muscles  only. 
Certain  Diplera  (Catlipkora 
vomitoria  and  ErlMalix 
tenax)  afford  the  simplest 
arrangement  of  the  expira- 
tory muscles.  In  thetis 
types,  they  form  a  muscular 
sheet  of  vertical  fibreh,  con- 
necting the  terga  witli  llio 
sterna,  and  underlying  the 
soft,  elastic  membrane  which 
unites  the  hard  parts  of  the  somites.  One  of  the  most  frequent  complications 
arises  by  the  differentiations  of  this  sheet  of  vertical  fibres  into  distinct  muscles, 
repeated  in  every  segment,  and  becoming  more  and  more  separated  as  the  sterna 
increase  in  length.  Special  inspiratory  muscles  occur  In  Ilynienoptera,  Acridi- 
IdEe,  and  Trichoptera. 
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**  10.  The  abdominal,  respiratory  movements  of  insects  are  wholly  reflex.  Like 
other  physiologists  who  have  examined  this  side  of  the  question,  Plateau  finds 
that  the  respiratory  movements  persist  in  a  decapitated  insect,  as  also  after 
destruction  of  the  cerebral  ganglia  or  oesophageal  connectives ;  further,  that  in 
insects  whose  nervous  system  is  not  highly  concentrated  {e.g,  Acridiidse  and 
dragon-flies),  the  respiratory  movements  persist  in  the  completely  detached 
abdomen  ;  while  all  external  influences  which  promote  an  increased  respiratory 
activity  in  the  uninjured  animal,  have  precisely  the  same  action  upon  insects  in 
which  the  anterior,  nervous  centres  have  been  removed,  upon  the  detached 
abdomen,  and  even  upon  isolated  sections  of  the  abdomen. 

**The  view  formerly  advocated  by  Faivre,  that  the  metathoracic  ganglia  play 
the  part  of  special,  respiratory  centres,  must  be  entirely  abandoned.  All  care- 
fully performed  experiments  on  the  nervous  system  of  Arthropoda  have  shown 
that  each  ganglion  of  the  ventral  chain  is  a  motor  centre,  and,  in  insects,  a 
respiratory  centre,  for  the  somite  to  which  it  belongs.  This  is  what  Barlow  calls 
the  *  self-sufBciency '  of  the  ganglia."     (Miall  and  Denny.) 

Plateau  has  made  similar  observations  upon  the  respiration  of  spiders  and 
scorpions ;  but,  to  his  great  surprise,  he  was  unable,  either  by  direct  observationf 


Fio.  420.  Fio.  421.  Fig.  422.  Fio.  428. 

Fio.  420.  —  Transverse  section  of  abdomen  of  a  lameUloorn  beetle.  The  position  of  the  teripi  and 
sterna  after  an  inspiration  Is  indicated  by  the  thick  line ;  the  dotted  line  shows  their  position  after 
an  expiration  ;  and  the  arrow  marks  the  direction  of  the  expiratory  movement. 

Fio.  421.  —  Ooss-section  of  abdomen  «>f  c(»ckroach. 

Fio.  422.  —  Cross-section  of  abdomen  of  bee  (Bombns). 

Fio.  428.  —  Cross-section  of  abdomen  of  Sphinx.  —This  and  Fi^s.  420-422  after  Plateaa. 

or  by  the  graphic  method,  or  by  projection,  to  discover  the  slightest  respiratory 
movement  of  the  exterior  of  the  body.  This  can  only  be  explained  by  supposing 
that  inspiration  and  expiration  in  pulmonate  Arachnida  are  ^Mntrapulmonary,** 
and  affect  only  the  proper,  respiratory  organs.  The  fact  is  less  surprising 
because  of  the  wide  zoological  separation  between  Arachnida  and  insects. 


g.   The  air-sacs 

In  flying  insects  the  tracheae  are  in  certain  parts  of  the  body 
enlarged  into  sacs  of  various  sizes.  These  air-sacs  were  first 
observed  by  Swammerdam  in  a  beetle  (Geotnipes)  and  afterwards 
by  Sir  John  Hunter  in  the  bee,  Sprengel  subsequently  discovering 
them  in  other  insects.  Those  of  the  cockroach  were  described  and 
illustrated  in  a  very  elaborate  and  detailed  way  by  Straus-Dtirckheini 
(Figs.  424  and  425).  These  vesicles  are  without  taenidia.  In  the 
locust  {M.  femur-rubrum)  there  is  a  pair  of  very  large  vesicles  in  tlje 
prothorax  (Fig.  396).  The  five  pairs  of  large  abdominal  air-sai*s 
arise,  independently  of  the  main  tracheae,  directly  from  branches 
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origiitating  from  the  spiracles.  All  these  large  sacs  are  superficial, 
lying  directly  beneath  the  hypodermis,  while  the  smaller  ones  are 
buried  among  the  muscles.  We  have  detected  53  of  these  vesicles 
ill  the  head. 

In  the  honey-  S 
bee  (Fig.  42C)  and  g? 
humble  bee  (Fig.  || 
427)  aa  well  as  the  ;i 
flies  there  are  two  \^ 
euormous  air-aacs  ^i" 
at  the  base  of  the  g.S. 
abdomen.  In  tar-  || 
val  and  wingless  '  i 
insects  these  sacs  ^ 
are  entii-ely  absent.        ^ 

Th«  use  of  the  , 
air-sacB.  —  It  waa  ^ 
supposed  by  Hun-  | 
ter  as  well  as  by  — 
Newport,  and  the  |- 
view  has  been  geii-  | 
erally  held,  that  *" 
the  use  of  these  £. 
sacs  is  lo  lighten  J 
the  weight,  i.e.  les-  -^ 
sen  the  specific  i 
gi-avity  of  the  body  |" 
during  flight.  It  ^ 
has,  however,  been  5 
suggested  to  ns  by  i" 
A.  A.  Vackard  that  , 
this  view  from  the  "■ 
standpoint  of  | 
physics  is  incor-  8 
rect.  It  is  evident  ], 
that  the  winga  - 
have  to  support  | 
just    as    much 

weight  when  the  insect  is  flying,  whether  the  trachefe  and  vesicles 
are  filled  with  air  or  not,  the  body  of  the  insect  during  flight  not 
being  lightened  by  the  air  in  the  sacs.  The  use  of  these  numerous 
sacs,  some  of  them  very  spacious,  is  to  afford  a  greater  supply  of 
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air  or  oxygen  than  that  contained  in  the  air-tiibes  alone,  and  thus  to 
afford  a  greater  breathing  capacity.  The  sacB  are  lar^st  lu  dragon- 
flies,  moths,  flies,  and  bees,  which  are 
swift  of  flight.  When  we  compare 
the  active  movements  of  tliese  insects 
ontlie  wing  with  those  of  acaterpillai' 
or  maggot,  it  will  be  seen  that  the  far 
greater  muscular  exertions  of  the 
volant  insect  create  a  demand  for  a 
sudden  and  abundant  supply  of  air 
to  correspond  to  the  increased  rapid- 
ity of  respiration;  and  the  enlarge- 
ments of  the  air-tubes,  rapidly  filled 
with  air  at  each  inspiration,  render  it 
possible  to  supply  the  demand.  p,„  4^._„^  „r  jw<rf««n  r.^- 


•.  "P- 


Fin.  4211.  —  TivheiL, 


!en  to  be  very  different 
lose  fishes  which,  liaviuga  sxriiu- 
can  in  the   water  change   the 
y  of  their  bodies.    The  case  of 
loai  exactly  paralleled   by  that 
of  birds,  where,  as  staled 
by  Wiedersheiin,  the  nir- 
sacH  appear  to  form  integral 
parts  of  the  respiratory  ap- 
paratus :      "a     greater 
amouni  of  air  can  by  their 
means  pass  in  and  out  dar- 
intc  inspiration  and  expira- 
tion, especially  through  the 
larcer   bronchi,  and    con- 
seigueiilly     there    is    less 
™      necessity  for  the  expansion 
of  the  lung  iKirenchyma," 
In  otlier  worts,  the  supply 
™     of  air  in  these  sacs,  as  in 
insects,    increases    the 
breatiung  capacity  of  ilie 
bird   duriii);  flight.      Wie- 
derslieini's  retention  of  the 
old  idea  that  the   specific 
gravity  of  the  body  is  le^ 
sened  (p.  202)  seems,  how- 

the  weight  of  the  bird's 
riVny  ^>°^y  'b  not  diminished  by 
miu;     tha  air   contained   in   tlM 
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h.   Tha  oloMd  or  partt;  cloMd  tiaoh«al  Bystem 

Thete  are  two  chief  morphological  tracheal  systems:  1.  The  open 
or  normal  and  primitive  (holopiteuatic)  type,  and   2.  Tlie  closed,  or 
secondary  and  adaptive,  i.e.  apiieuatie,  type.      The  open  system  is 
("haracterized  by  the  presence  of  the  stigmata.     Through  them  the 
air  directly  enters  into  the  tracheal  tubes,  whose  delicate  walls  allow 
the  exchange  of  gases  in  the 
blood.     This  type  occurs  in  all 
sexually    matiii-e     individuals, 
and  also  in  the  greater  niunber 
of  larvEC. 

The  closed  or  apueustic 
traclieal  system  is  distinguished 
either  by  the  want  of  stigmata, 
or,  if  present,  they  are  not  open, 
and  do  not  functioii,  so  that  the 
tracbeie  cannot  communicate 
with  tlie  air.  In  such  cases  the 
direct  oxygenation  of  tlie  blood 
is  effected  through  the  delicate 
integument,  especially  over  the 
surface  of  the  body  in  general, 
or  in  certain  specialized  places 
where  the  gill-like  expansions 
of  the  skin  are  rich  in  tracheae ;  ■ 
STK-h  outgrowths,  generally 
tubular  or  teaf-hke,  are  called 
by  Palmeii  tmeheai  iiills.  

This      closed      form      of      the     wnn^trrbi'Tflilil'lllkiM  «'/,  iinll  i 
tracheal  system   only  occurs  in     iMii.|n«»ti>rthi^ilnr>aUurfiin<nf  th.'sMmiK'n  md 

the  larval  stage  of  aquatic  or  ^mma'^'aeAvtecay  ly  t  i>I^"b'™'ci'i. -Aner 
parasitic    Insects,    as    in    the    ^""i"'"'- 

I'lectoptera  (EphemeridEc) ,  PerlidEe,  Odonata,  and  Trichoptera, 
besides  single  genei-a  of  other  orders,  i.e..  among  Coleoptera,  Gyrinus, 
Pelobius,  Onemidotus,  and  the  young  larva  of  Klmis ;  in  the  aquatic 
caterpillar  of  Paraponyx ;  in  certain  Diptera  (Corethra,  Chii-onomiis, 
etc.),  and  some  of  the  parasitic  Hymenoptera  (Microgaster). 

Palni^n  has  discovered  that  in  the  nymphs  of  Ephemerida;,  Perli- 
die.  Odonata,  and  the  larvae  of  most  Trichoptera  the  tracheal  bi-anch 
(stigmatal  branch)  sent  from  the  longitudinal  trachea  to  where  the 
thoracic  stigmata  would  be  situated  if  present,  or  where  their  vestiges 
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only  exist,  are  aborted,  becoming  simple  solid  cords  not  filled  with 
air  (Fig.  436,  ?/,  and  447,  /,  funiculus  or  stigmatic  cord).  In  the 
imago,  however,  they  resume  their  function,  connecting  with  the  open 
functional  stigmata.  In  Corethra,  in  its  earliest  stages,  the  entire 
tracheal  system  is,  like  the  stigmatic  branch,  a  system  of  solid  cords 
and  empty  of  air.     (Palmen.) 

Kmbryology  shows  that  these  stigmatal  branches  are  well  developed ,  and  are 
formed  at  the  same  time  as  the  stigmata.  It  was  also  shown  by  I)ewitz,  in  a 
posthumous  paper  (1890),  that  in  the  young  larval  stage  of  the  Odonata  and 
Ephemerid^e  the  tracheal  system  is  at  first  an  open  one,  and  in  some  of  the 
families  (Libellulidie,  Agrionidse,  and  Ephemeridse)  thoracic  stigmata  are  seen 
at  a  very  early  stage.  From  numerous  experiments  Dewitz  concludes  that  in 
the  young  stages  of  Odonata  and  Ephemeridse  there  is  an  open  tracheal  system  ; 
certainly  in  vei*y  young  nymphs  the  thoracic  spiracles  allow  the  air  to  pass  out. 
Fully  grown  nymphs  of  j^^schnidse,  Libellulidse,  and  Agrionidae  are  capable  not 
only  of  forcing  the  air  out,  but  also,  like  the  perfect  insect,  of  inhaling  it. 
Moreover,  he  proved  that  the  gills  of  Ephemeridae  and  Agrionidae  are  not  indis- 
pensable for  the  maintenance  of  life,  as  the  insects  can  live  without  ihem, 
breathing  either  through  the  skin  or  by  the  rectum,  or  in  both  ways.  It  would 
seem  that  while  in  freshly  hatched  or  very  young  larvae  of  aquatic  Insects  of 
different  orders  the  skin  is  so  delicate  as  to  allow  of  dermal  respiration,  in  after 
life,  when  the  skin  becomes  thicker  and  denser,  these  expansions  (gills),  pro- 
vided with  a  very  thin  and  delicate  skin,  of  a  necessity  grow  out  from  the  walls 
of  the  body. 

It  thus  appears  that  the  closure  and  total  or  partial  abolition  of  the  stigmata 
are  in  adaptation  to  aquatic  life,  and  that  sucli  insects  have  descended  from 
terrestrial  air-breathing  winged  forms.  This  is  an  impoitant  argument  against 
the  view  that  the  wings  are  modified  tracheal  gills. 

In  this  connection  may  be  noticed  the  closure  of  the  2d  and  *3d  thoracic  stig- 
mata in  holopneustic  insects.  We  have  found  on  laying  open  the  body  of  a 
Sphinx  larva  that  a  large  number  of  tracheal  branches  are  seen  to  arise  from  the 
prothoracic  and  from  the  first  pair  of  abdominal  stigmata.  Now  between  these 
points  there  are  no  spiracles  or  any  external  signs  of  them,  there  being  in 
Lepidoptera  no  mesothoracic  or  metathoracic  spiracles.  Yet  the  main  lateral 
trachea  between  the  prothoracic  and  first  abdominal  segments  deviates  from  irs 
course  and  bends  down  to  send  off  a  small  shrivelled  stigmatal  branch  or  cord 
to  a  place  where,  did  a  spiracle  exist,  we  should  look  for  it.  In  the  larva  of 
Platysamia  cecropia^  a  similar  vestigial  stigmatal  branch  is  present. 

In  the  larva  of  Corydalus,  also,  a  trachea  as  large  as  the  main  longitudinal 
one  takes  its  origin  and  passes  directly  under  the  main  trachea.  Now  both 
tracheae  send  a  stigmatal  branch  opposite  to  where  the  mesothoracic  stigma 
should  be,  if  present,  i.e.  on  the  hind  edge  of  the  segment. 

Verson,  moreover,  has  found  in  the  freshly  hatched  silkworm  vestiges  of 
meso-  and  metathoracic  stigmata,  each  consisting  of  a  circle  of  high  hypodermal 
cells  radially  arranged  around  a  common  centre.  The  stigmatal  branch  is  long* 
but  shrivelled ;  its  peritoneum  is  widened  out  into  several  berry-like  saccules 
filled  with  cell-elements.  In  profile  these  rudimentary  stigmata  appear  as  a 
series  of  high  hypodermal  cells,  which  form  the  basis  of  a  short  blind  tube. 

After  the  second  moult  there  begins  a  peculiar  transformation  of  the  rudi- 
mentary stigmata.  The  stigmatal  branch  connected  with  them  sends  off  at 
various  points  thick  tufts  of  capillary  tracheae  which  press  against  the  base  of 
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the  blind  tube.  Gradually  lengthening,  they  form  a  fold  which  continues  to 
increase  in  length.  The  numerous  tufts  of  tracheal  capillaries  extend  beyond 
the  inner  surface  of  the  two  layers  of  which  the  developing  wing  consists,  the 
berry- like  saccules  are  drawn  into  the  wing  and  converted  into  more  or  less 
thick  tubes,  which  finally  form  the  "veins."  It  is  clear,  therefore,  says  Ver- 
son,  as  Landois  claimed,  that  the  wings  of  Lepidoptera  must  be  regarded  as  in 
the  fullest  sense  organs  of  respiration.     (Zool.  Anz.,  1890,  p.  116.) 

The  number  of  pairs  of  stigmata  varies,  especially  in  maggots  or 
larval  Diptera,  in  adaptation  to  their  varied  modes  of  life.  The 
larvai  of  most  flies  (Muscidse)  have  a  pair  of  peculiarly  shaj)ed  pro- 
cesses on  the  prothoracic  segment  bearing  spiracular  openings,  and 
two  anal  spiracles,  while  in  Ctenophora  atruta  L.  only  the  anal  pair 
are  present.  In  the  rat-tailed  maggots  (Eristalis)  the  long  caudal 
process  ends  in  two  stigmata  forming  a  respiratory  tube,  which  can 
be  thrust  out  of  the  water  for  the  inception  of  air.  In  the  larval 
mosquito  (Fig.  433)  and  its  ally,  Mochlonyx,  a  short  thick  dorsal  tube 
arises  from  the  penultimate  segment  of  the  body,  in  which  the  two 
main  tracheae  end,  opening  outward  by  a  single  spiracular  aperture. 
Other  dipterous  larvae,  Simulium,  Tanypus,  and  Ceratopogon)  pos- 
sess no  spiracles,  the  tracheal  system  being  a  closed  one. 

The  larvae  of  most  water  beetles  (Dyticidae,  Hydrophilidae) 
possess  but  two  spiracles,  which,  as  in  maggots,  are  situated  at 
the  end  of  the  body.  The  aquatic  larva  of  Amphizoa,  according  to 
Hubbard,  breathes  much  as  in  the  Dyticidae,  by  means  of  two  large 
valvular  spiracles  placed  close  together  at  the  end  of  the  body ; 
"  closed  or  rudimentary  stigmata  also  occur  on  the  mesothorax  and 
on  abdominal  segments  one  to  seven  inclusive." 

Hubbard  adds:  "The  larva  of  Pelobius  is  wholly  aquatic  and  breathes  by 
branchiae,  but  the  obsolete  stigmata  are  indicated  precisely  as  in  Amphizoa, 
with  the  exception  ot  the  last  pair,  which  in  Amphizoa  are  open  spiracles,  but 
in  Pelobius  are  suppressed ;  the  terminal  eight  segments  being  prolonged  in  a 
swimming  stylet." 

From  a  review  of  the  distribution  of  spiracles,  and  their  atrophy, 
partial  or  total,  it  will  be  seen  that  there  are  intermediate  stages 
between  the  open  (holopneustic)  and  closed  (apneustic)  systems. 
These,  following  Schiner,  Brauer,  and  Palm^n,  may  be  defined  thus : 

1.  Metapneustic  type.  — The  larvae  possess  only  a  single  pair  of  open  stigmata 
situated  at  the  end  of  the  body.  (The  dipterous  Eristalis,  Tipula,  Culex, 
Ptychoptera,  Bittacomorpha  (Plate  I.)  with  certain  Tachinidae,  and  in  Coleop- 
tera,  the  larvse  of  Dyticus,  and  allies  of  Ilydrophilus  and  Cyphon.) 

Platk  I.  —  ExaxnpleH  of  metapneustic  insects:  1,  Bittacomorpha  clavfpf*,  larva;  I  a,  AiIm 
foot;  1  b.  Its  pups;  2,  Limnophiia  luteiptuni^;  2a,  end  of  larva;  2  6,  it»  pupa;  8,  end  of 
larva  of  Tipttla  eluia.  —  After  i'.  A.  Hort. 
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2.  Propafuiti''  type.  —  The  pups  of  Corethra,  Ciilex,  etc.,  in  wliich  only  tbe 
most  anieriiir  pair  of  spiracles  are  open. 

3.  Amphipnenelic  tijpe.  —  Larva.'  with  a  pair  of  i)pen  spiraclea  situated  at  each 
end  of  the  body,  the  intermediate  spiracles  beiiiR  dosed.     (Most  dipterous  larvie, 

MuRca,  after  the  tirst  luimll,  (Ksiridi«,  Asilids,  and 
SyrphUH.) 

4.    Peripnr.-H»tir  lypr:   with  prothoracic  and  ab- 
dominal KpiraclcH,  tiit  nieHothoracic  pair  atrophied 


or  closed.  (The  larv»  of  Xeiiroptera,  Mepoptera, 
Trichoplera,  Lfpidopleni,  of  ninal  Coleojitcra,'  oi 
most  Diptera,  anil  of  most  of  the  Hymeiioptera.') 


ncclFil  nltb  D  cenml  IruW  but  llili  It  not  reilJy  tlw  «m.  — 
AlWr  MUU. 

I  Tbi  meoollinracjc  stigmata  are  open  in  Carabus. 

Potamophiliis.  Elmlii,  MamnyehuH,  Biiprestis,  Elater. 

Fiu.  4i-.  -  VlMeml  tracji™'    LarapyriB,    Lycns,    Tripliylhis.    Euclnetus,    Dasoillus, 

^^ul!iit^miTa.!n^fCg<l"\   Pf-epbenus,  ErKates.  MicralyiiiiiH.  and  probably  many 

S.  sUHiuich:  M.  urlMFf  lubca;  others.     The  metatboracic  stlKinnla  are  open  iu  Ltcus 

Siel^riJliiikt- 'MdJnillJllI^    "'""  ^'"'■■ 

—  Aftar  OiiaimlBt.  '  '  ^"  ^^'  Hymenoptera  the  two  pairs  on  the  meso- 

and  metathoracir  seffmeiila  are  open  in  the  Aculeata, 

also  in  the  Siricids>.  amooK  which  sometimes  that  nn  the  third  seiment  is  closed.    In 

Pimpla  and  MicniKaster  (fully  grown  larvie)  only  tbe  mesothoraclc  stleniata  are  open. 

Palm^n  ailds  that  most  dipterous  larvat  are  anipbipneiislie ;  Cecidomyia,  the 
Mypelophilidie,  BlhinnidiF,  and  Stratiomys  are  lypii'.tlly  peripneiixtlo.    (p.  !i3.) 

Moreover,  a  single  insect,  as  SialJK.  may  lie  aiiiieuslic  bh  a  larva,  peripueusllc  as  s 
niina.  and  holopiieiislic  In  the  iniago  stage. 
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These  differences  in  the  number  of  functional  spiracles  are  in  direct  relation 
with  tlie  BurroucdiiigB  of  the  insecu,  the  physical  conditions  of  existence  evi- 
dently determining  the  position  of  the  active  functional  open  epiracles  and  tlie 
closure  of  Chose  useless  to  the  oi^nism. 


The  remarkable  mode  of  respiration  by  traclieal  gills  sitiiated 
within  the  intestine  of  the  nymphs  of  dragon-flies  was  first  described 
by  Swammerdam  and  afterwards  by  Reaumur.  The  most  complete 
and  best  illustrated  modern  account  is  tbat  of  Oustalet.  In  these 
insects  the  large  rectum  is  lined  with  six  double  longitudinal  ridges, 
in  .-Eschna  bearing  numerous  delicate  tubes  or  papillie,  each  of 
which  contains  very  numerous  (by  estimate  24,0(M>)  tracheal  branches 
(Fig.  431) ;  while  in  Libellula  the  gills  are  lamellate  (Fig.  4;i2).  The 
tracheEB  arise  both  from  the  main  dorsal  and  visceral  longitudinal 


TliL-  |».rl1iiii  i>h»i>n  h  iiinVkHl  liy  <x  aniall  rirrU'  In       tnchonl  iiMl  nt  L11h>I1iiIii  ;  I,  trai^h.'a.— Thit  and 

tmnks,  which  give  rise  to  secondary  branches  passing  into  the  walls 
of  the  rectum  and  sending  into  the  branchial  papillsE  fine  twigs. 
which,  exten<]ing  to  the  distal  end  of  the  papilla  or  lamella,  rei^urve 
and  anaiitomose  with  the  effei-ent  twigs. 

The  anal  opening  is  externally  protected  by  the  auranal  and  lateral 
triangular  ehitinons  plates,  three  to  five  in  all.  When  open,  the  water 
passes  into  the  i-ectum  and  bathes  the  rectal  gills,  where  it  may  be 
forcibly  expelled  as  if  shot  out  from  a  syringe,  thus  propelling  tlie 
insect  forward.  In  Libellula  the  anus  affords  direct  access  to  the 
intestinal  cavity,  but  in  vEschna  Oustalet  describes  "  a  sort  of  vesti- 
bule separated  from  the  i-ectum  by  a  circular  valvule."  He  also 
states  that  the  inspiration  and  the  repulsion  of  water  is  produced  at 
irregular  intervals,  and  rather  by  the  movements  of  the  dorsal  and 
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sternal  arches  of  the 
abdomen  than  by  the 
contractions  of  the  rec- 
tum, since  the  waJls  of 
this  organ  are  less  mus- 
cular than  is  supposed. 

Tbe  nynipli  of  Calop- 
teryx  (and  probably  of  all 
the  group  Calopterj-ginse) 
pnseeMeH  recUil  gills  be- 
sides external  caudal  tra- 
cheal gills.  There  are 
three  double  recUl  longi- 
tudinal foltls  or  ridges, 
""  interpeiietrawd  by  tracheal 
twiifs-  (Dufour,  denied  by 
Poletaiew,  but  confirmed 
by  Hagen.) 

Dewitz  claims  that  the 
daudal  gills  of  the  A^o- 
nidie  are  not  their  nole 
meaiiE  of  respiration,  since 
he  cut  oB  the  caudal  tra- 
cheal gills  of  an  Agrionid 
nymph,  which  conliniieil 
to  live  for  a  weelt.  lleace 
he  thinks  that  there  may  be 
a  i¥cCal  respiration,  since 
under  the  microscope  he 
saw  a  stream  of  wat^r  pass 
in  and  out  of  the  end  of  the 
int€'stiiie. 

D  e  w  i  t  e'  experlmeuts 
prove  that  in  youns; 
Epheinerids  there  may  be 
l)eaides  branchial,  both  rec- 
tal and  shin  reepiratiou. 
He  saw  mider  the  micro- 
scope the  anus  for  a  while 
opened  and  then  clused. 
causing  the  rectum  to 
move  ;  powdered  carmine 
mixed  with  water  wa« 
drawn   into   and  then  ei- 

u"«bo™.''SB  iMcKrVi.Ttt'^'rai'inrf;      pelled    from    the    rectimi. 

letr  niMdle  Will :    rg.   el»itc  wilratai-       There    was,    however,     no 

I'timiJe""*;  M.b™in'"w.''Mulnwr:     enlargement  and  t 


tinn  of  the  abdomen  as  in 

„,  _„.,.._ „...,_. ,      the   rectal    respiration    n( 

'.  It> brlitlH ;  iK.tTKlial  irilli:  *„  *^  *»  dmlng      .^EgchmL    (Zool.  Ans.  1890. 


L;>!A.eli}r]ei 
riitlM!**."! „ ^    _ „       .,.«^,..„^ 
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Eaton  states  that  there  13  a  rectal  respiration  in  the  nymphs  of 
may-flies,  and  Palmen  observed  ia  young  larvse  of  Bsetis  and  Cloeon 
that  the   rectum  took 
in  "  by  gulps  "   water 
colored  by  carmine  and 
expelled  the  whole  of 

it  at  once,  in  order  to  - 

fill  it  again  in  the  same 

way.    "  This  rectal  res-  t 

piration  therefore  cor- 
responds to  that  of 
Libellulid  larvie."  , 

Besides  breathing  by 
spiracles,  by  tracheal 
gills,  aa  well  as  through  ^ti 

the  integument,  the 
larva  of  Culex  has  been 
observed  by  Kaschke 
to  have  a  rectal  respira- 
tion. At  the  anterior 
end  of  the  rectum  arises  a  countless  number  of  fine  trachese,  which 
pass  through  the  walls  and,   subdividing,  end  in  ntunberless  very 
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fine  twigs  in  the  papilla-like  folds  situated  within  tlie  rectum.  The 
supply  of  tracheal  twigs  is  greatest  where  the  papilla;  are  largest. 
(Figs.  4.33,  434.) 
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j.  TractaMl  gills  of  the  lanrae  ol  Inaecta 

In  many  aquatic  insects  respiration  is  cai-ried  on  by  tracheal  gills. 
These  are  delicate,  hollow,  leaf-like  or  tubular  outgrowths  of  the 
integument  usually  attached  to  the  sides  or  end  of  the  hind-body, 
and  containing  a  trachea  whicli  usually  sends  off  numerous  minute 
branches,  so  that  the  exchange  of  gases  readily  takes  place  in  them. 
Palmen  has  yhown  that  these  traclieal  gills,  as  he  calls  them,  are 
not  develoi>ed  on  the  same  segments  as  the  stigmata,  and  that  the 
two  stnictui-es  have  no  ge- 
netic connection  with  each 
other.  It  is  evident  that 
tliese  gills  are  secondary, 
adaptive  organs. 


with  (Tills  nf  \ttl  alilf  ivimivnl :  g.  ■III*.    B.  nvtiiph  Fir.  43''.  -  Lrfl    muUli    of    Mit 

at  TrirnrvihniB  (»;.i.  nlili  irlll  oni  .-r  uf  ilchi  Mr         vi.rlii.  wtUi  ihc  cfplulk  inchM;  ein 
rtniovod;  ge.  Blllcgv.T;  v,g-.  gill>. -Afl«  V^y^  lAi  tnsenrd  at  rhu  biwoii  tbr  unJrr  •»< 

In  some  cases  (see  p.  47.'>)  the  tracheje  ai'p  wanting,  but  as  such 
gills  aie  filled  with  blood,  the  air  contained  in  the  water  must  jiass 
in  thi'ough  their  delicate  walls. 

In  the  Flectoptera  (F^phemeridie)  the  tracheal  gills  are  either  foli- 
aceous  or  filamentous:  when  foliaieoiis  they  form  simple  or  double 
leaves,  with  or  without  branches,  or  with  a  fringe  of  tubules,  or 
xiiider  the  leaf-like  cover-liearing  tufts  of  filaments.  They  are  situ- 
ated on  the  (usually)  basal  seven  alHlominal  segments,  at  their 
hinder  edge  (Figs.  435, 436).  In  Oligoneuiia  and  Jolia  a  ))air  w-curs 
on  the  under  side  of  the  head,  attached  to  tlie  maxillae,  while  in 
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Jolia  there  is  a  pair  on  the  iiixler  side  of  the  first  thoracic  segment  at 
the  iiisei-tion  of  each  of  tlie  legs.     In  certain  genera  (Heptagenia, 
Oligoneuria,  and  Joija),  they  are  in  the  form  of  a  flat  cover,  under 
which   lies  a   tuft    of    respiratory    tubes,    or 
(Epheinerella)  a  small   bitid  cluster  of  very 
delicate  leaves  (^Fig.  437,  ^1).   In  Ccenis  and  Tri- 


corythus  the  tracheal  gills  of  the  second  pair  are  modified  to  form 
plates  covering  all  the  succeeding  i>airs,  those  of  the  first  jiair  being 
nearly  atrophied  and  well-nigh  function  less. 
(Fig.  "437,  B.) 

Finally,   in    the   highly   modified    forms 
Bietisca  and  Prosopistoma  the  tracheal' gills  I 

ai'e  entirely  concealed  and  protected  by 
mesothoracic  projections  so  as  to  form  a 
true  respiratory  chamber,  to  which  the 
water  has  access  either  by  an  opening  be- 
hind, as  in  Ita^tisca,  or  by  three  oiienings, 
two  ventral  and  one  dorsal  (Fig.  441),  as  in 
Prosopistoma, 

The  slender  cylindrical  tracheal  gills  of 
Heptagenia  in  the  third  or  fourth  nymphal 

stage  are  2-jointed,  and  the  first  abdominal  tnrh<'tieiiuria[«ri»rniiiiv'h.'a 
pair  in  f'tenis  are  said  by  Palmen  to  be  fromi"'^''""  "■■*"''"'■ 
finger-shaped  and  2-jointed.     In  Polt/mifar- 

c.'/ji  i-irgo  the  gills  do  not  appear  until  the  eighth  or  tenth  day  after 
hatching. 
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Bewitz  found  that  young  nymphs  of  Ephemerids  will  well  endure  the  ampu- 
tation of  their  gills,  while'fully  grown  ones  die.  Amputation  of  the  lateral  gills 
hastens  ecdysis.  After  the  change  of  skin,  the  gills  are  smaller  than  before,  and 
at  first  contain  no  trachese,  but  in  a  few  weeks  they  develop  as  completely  as  in 
normal  individuals.     The  caudal  gills  were  also  renewed. 

In  the  nymphs  of  Perlidae  the  tracheal  gills  are  usually  present, 

and  are  either  foliaceous  (Nemoura)  or  more  commonly  filamentous 

in  shape  (Fig.  442).     They  are  situated  either  on  the  prosternum 

j\  (Nemoura  and  Pteronarcys),  or  on  each 

side  of  the  thorax,  or  on  the  sides  of 
the  abdomen,  or  are  restricted  to  a 
tuft  on  each  side  of  the  anus  at  the 
base  of  the  caudal  stylets  (Pteronarcys 
and  Perla).  Unlike  the  Ephemeridae 
the  gills  persist  in  certain  genera 
throughout  life. 

The  larvae  of  the  aquatic  Neuroj)- 

tera,    Sisyra,    Sialis,    and    Corydalus 

C  i)ossess  lateral 

pointed  bristle- 
like tracheal 
gills,  which  in 
Sisyra  are  2- 
jointed ;  those  of 
Sialis  are.  in  the 
living  larva, 
curved  upwards 
and  backwards 
(Fig.  444).    Voxy- 

dalus  is  also  provided  with  a  ventral  tuft  of  delicate  filamentous 
gills,  which,  however,  according  to  Riley,  do  not  appear  until  after 
the  first  moult. 

While  the  uymphs  of  Agrionidee  (which  have  rectal  gills)  resjnre 
chiefly  by  the  large  caudal  foliaceous  gills  (Fig.  445),  there  are, 
according  to  Hagen,  two  genera  of  the  Calopteryginae  (Euphaea,  Fig. 
440,  and  Anisopleura)  whose  nymphs  possess  seven  pairs  of  external 
lateral  tracheal  gills,  in  shape  like  those  of  Sialis,  besides  three  caudal 
and  three  rectal  tracheal  gills.* 

1  Mr.  J.  W.  Folsora,  who  has  made  the  accompanying  sketch  of  the  nymph  of  Enphtn 
splemJens  in  the  Cambridge  Mnsenm,  finds  only  seven  pairs  of  gills,  there  being  no 
traces  of  them  on  segments  1,  9,  and  10.  A  stout  trachea,  he  writes  us,  enters  the 
base  of  each  gill,  and  subdivides  into  several  long  branches,  which  t^oiirse  along  the 
periphery.  Hagen  in  his  original  account  said  there  were  eight  pairs  on  segraenU 
1-8  respectively. 


Fig.  44.S.  —  A,  larva  of  Sisvra,  enlarprwl.  B.  one  of  the  hinder  Rills, 
with  it*  trachoji'.— After  Westwood,  ft-om  Shar|i.  (\  a  gill,  showing 
the  branched  truehese.  —  After  Grube. 
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Hagen  has  also  detected  In  the  under  side  of  the  6th  abdominal  segment  of 
Epitheca  and  Libeltula  a  pair  of  naca  of  the  shape  of  a  Phrygian  bonnet,  each 
of  which  contaiDH  a  smaller  sac  lined  with  epithelium,  —  ae  in  /l^schna  they  occur 
In  the  fiLb  and  6th,  and  in  Gomphus  in  the  4th,  6tli,  and  6th  segiDents.     Thi« 
serial  arrangement  appears  to  coufinn  Hagen's  suf^estion  that  thej  are  Burvlvala 
of  abdominal  gills,  nbich  in 
Euph^ea  are  completely  evag- 
inaled. 

In  the  Trichoptera,  aJl 
of  which,  except  Enoi- 
cyla,  are  apiieiistic,  and 
most  of  which  have  tra- 
cheal gills,  the  latter  are 
filamentous,  and  arise 
eitlier   from   the    dorsal  I 

and  ventral  sides  of  the 
abdominal  segment,  or 
they  grow  owt  from  the 
sides;    while  in  certain  — 

genera  (Neuronia,  Phry-  dsi  t™ciwii'Btii  of 
ganea,  etc.)  the  gills  are  "'"''  "  "  °"' 
represented  by  conical  hooks  nn  the 
sides  of  the  1st  abdominal  segment, 
which  are  evidently  respiratory,  as 
tliey  contain  numerous  trachese.     The 


Tm.  M4.  —  Urvn  Qf  SinlU  Ulariiu..  Fio.  -MB.  -  N.viiij.h  of  Eiii.hiPii,  »ho"Lng  \\\e  lawni 

—  AflflT  Mlill.  glWt :  it.  unr  .■iiLiiufJ.  —  Fulji.iii  :ltl. 

tracheal  gills  are  either  single  or  more  rarely  form  tufts  (Figs.  447, 
44S). 

In  Hydropsyche  (Fig,  448)  the  tracheal  gills  persist  throughout 
life,  while  in  other  genera  they  only  last  through  the  pupal  stage. 
When  first  hatched,  the  larva  of  Phrygaiiea  lacks  gills.  The  larv* 
of  most  of  the  Hydropsycliidte,  Hhyacophilidte,  and  Hydroptilidae 
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have  no  gills,  though  they  appear  well  developed  in  the  pupal  stage. 
(Klapilek.) 

The  only  lepidopterous  larva  known  to  be  provided  with  tracheal 

A  gills  is  that  of  the  pyralid  genus 

Paraponyx,      Its    thread -likc 

gills,  arranged  id  tufts  of  tliree 


Via.  *a.  —  A.ui  ibdomioil  mkihimiI  uf  Hvdropuvcbe,  with  tlie  inwbe»i  gtatyiari:    iri.yana- 
tndlBil  tnich«i1  Inink:  /.  «ll|[mal»!  branch.     B,  Slh  tbdonilnml  wtment  of  pu|a  of  Itir  i*oi^, 

or  four,  arise  from  a  common  tubercle  situated  on  the  sides  of  nearly 
all  the  segments.  Wood-Maaon  describes  the  East  Indian  F.  oryzali* 
as  "  covered  with  a  perfect  forest  of 
soft  and  delicate  white  filaments," 
arranged  in  tufts  disposed  in  four 
longitudinal  rows.  "The  stigmata 
of  the  2d,  3d,  and  4th  abdominal 
somites  only  are  clearly  discernible." 
The  caterpillar  crawls  ■'  f  I'ee  and  un- 
covered "  over  the  submerged  leaves 
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of  the  rice  plant  "  in  the  very  midst  of  the  water."     In  a  liraziliau 
species  of  Farapoiiyx  described  as  Catadysta  pyropalu,  by  W.  Mtiller, 


Fto.  *M.-  Aniertof  ei 


rlua  lli£  DBAd  Ann 
Arfer  JKGht. 


the  tufts  are  reduced  to  simple  uiibranched  filaments,  and  the  case 
ia  more  complex  than  in  the  European  species  (,Fig.  449). 

Of  coleopterous  larva;  breathing  by  tracheal  gills  there  are  but  few. 
The  larva  of  Gyrinus  (Fig.  454>  respires  by  10  pairs  of  slender,  hairy 
abdominal  gillit  similar  to 
those  of  (Jorydalus,  and  the 
stigmata  are  entirely  v/ant- 
ing.  Somewhat  similar  are 
the  tracheal  gills  of  Ht/dro- 
charis  airaboidea.  Hydro- 
bins  has  shorter  setose  gi'ls, 
our  American  species  having 
seven  pairs  of  short  setose 
gills.  It  has  two  spiracles 
at  the  end  of  the  body, 
through  which  the  air  is 
taken  by  thnisting  the  body 
out  of  the  water.  The  larvfe 
of  two  other  aquatic  cole- 
opterous    genera,     Pelobius 

and    CnemidotUS,    also    have      j.^n.^i^t-vnUiKcd:  <  eUgnmu-Aner  W.  Ufillrr. 
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gills;  those  of  the  former  situated  at  the  base  of  the  cox*,  and 
brush-like,  but  containing  no  trachea,  though  tilled  with  blood, 
while  those  of  Cnemidotus  are  very  long,  bristle-Hke,  jointed,  and 
arising  from  the  dorsal  side  of  the  thoracic  and  abdominal  seg- 
ments.    The  stigmata  are  wanting.     (Scbiijdte.) 

The  larva  of  the  dipterous  genus  Tanypns  respires  by  two  caudal 
papillifovm  processes,  in  each  of  which  a  trachea  ramities. 

Certain  larvEB  with  both  stigmata  and  tracheal  gills  are  enabled 

either  to  live  in  or  out  of  water  or  on  the  surface,  as  in  the  ease  of 

certain  beetles  (Cyphonidie,  Elmidfe,  Hydrophilidae,  Fig.  452),  or  the 

larval   mosquito  and  Psychodes   (Fig.  455) ;    also  the  nymphs  of 

di-agon-flies. 

The  larvje  of  the  Cypho- 
nidie     (Helodes,     Cyphon, 
Hydrocyphon)    ]>ossess    hut 
a    single    pair    of    stigmata, 
•V  situated  in  the  i>enultimale 

abdominal  segment,  while  at 
the  end  of  the  abdomen  are 
delicate  tracheal  gills.    Tlie 
two  main  tracheal  trunks  are 
much  swollen,    AVhen  on  the 
surface  of  the  water  the  larva 
breathes    through    the    stig- 
mata situated  near  the  end 
of  the  alxlomen  ;  wlieu  float- 
ing in  the  wat^r,  the  larva, 
like  that  of  Gyrinus.  carries 
y«..  4.W,— Freshly  hutcheii  inrvi  of  HyiirohLiis;    aloug  at  the  end  of  Its  bodj 
«e>«n  j»ir*<.riiiiii'.   X,  fiHiofbiHiv,  eniiTKed,  tbuHing    a  bubble  of  air.      The  gills 
are   only    of   use,  as    Holph 
thinks,  when  the  insect  is  compelled  to  remain  a  long  time  under  water. 
The  larva  of  our  native  Prionocyphon  discoidens  (Say)  is  descril)ei] 
by  Walsh  as  "vibrating  vigorously  up  and  down  a  pencil  of  hairs 
proeepding  from  a  horizontal  slit  in  the  tail " ;  this  pencil  is  com- 
posed "of  three  pairs  of  filaments,  each  beautifully  bipeclinate.    I 
presume  it  is  used  to  extract  air  from  the  water."     When  the  larva 
is  at  the  surface  the  pencil  of  hairs  touches  the  surface  of  the  water. 
and  occasionally  a  bubble  of  air  is  discharged  from  the  tail.      *■  The 
general  habit  is  to  crawl  on  decayed  wood  beneath  the   surface. 
occasionally  swimming  to  the  surface,  probably  for  a  fresh  supply  of 
air."     (Proc.  Ent.  Soc.  Phil.,  i,  p.  117.) 
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The  larvte  of  the  small  water  beetles  of  the  family  Elmidfe  (Elmis, 
Potamophilus,  JIacronyehus,  and  Psephenua)  have  similar  habits. 
That  of  Elmis  has  ten  dorsally  situated  pairs  of  spiracles,  and  on  the 
end  of  the  body  bushy  gills  which  are  protruded  at  pleasure.     The 
young  larva  is  without  spiracles,  its  ti-acheal  system  being  dosed. 
Macrouychus  and  Fotamophilus  have  similar  habits.     In  the  larva  of 
the  latter  genus,  which  has  nine  pairs  of  spii-acles,  there  ai-e  at  the 
end  of  the  body  on  each  side  three  tufts  of 
thread-like  gills  which  are  connected  with 
the  two  main  horizontal  tracheae,  while  the 
branches  of   the  abdominal   trachese  are 
dilated    into   numerous   (64)   bladder-like 
sacs.    The  larva  usually  breathes  through 
the  caudal  gills.     When  the  water  is  low 
or  dried    up,  the  air  is    inhaled    directly       ^^^  ^^  _  j_^^_ 
through  the  spiracles.     (Kolbe.)  va  ,ir  I'sepueniu. 

Fio.  154.-  The  larva  of  Psepheuun  lecoutei,  by  its 
nil*.  — Afier  broad  hemispherical  body,  is  adapte<l  to  adhere  to  the 
smooth  surfa<'.e  of  rounded  stones,  in  which  situation  we 
have  found  it.  Although  it  is  said  liy  Rolph  to  have  two  pairs  of 
spiracles,  one  pair  on  the  inesotlioracic  and  the  other  on  the  1st 
abdominal  segment,  it  pwbably  rarely  rises  to  the  surface  to  breathe 
the  air  direct. 


Fic,  «ft,  —  Enrtnfbodj'ofiPtvcbojIestor™;  A.  «id  of  borty  of  >  younir,  frtsl 
Idr  vlfw :  «,  Ihe  llire*  iiul  irllli ;  ft.  Ihr  !•■«  utr-oiYlly.    A  older  tarv«  of  thr  « 
mt.    C.  .■ml  of  lirva  i.f 

Lthae.  —  After  K.  MOllar. 


It  possesses  five  pairs  of  gills  on  the  under  side  of  the  2d  to  the 
6th  abdominal  segments.  Each  gill  has  finger-shaped  processes  on 
its  hinder  edge,  which  are  "from  their  constant  motion  evidently 
connected  with  respiration."  Trachese  may  be  seen,  according  to 
H.  .1.  Clark,  entering  the  gills,  and  "the  circulation  of  water  among 
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the  branchi^  is  kept  up  by  the  flapping  of  the  tail-pieces."  The 
larva  of  HelichuH  fantiyiatus  is  said  by  Leconte  to  be  "  very  nearly 
allied,  while  the  remotely  allied  UtenelmU  creiiatiia  has  no  ex- 
ternal branchiae.' 

The  larva  of  the  mosquito  alao  has  two  modes  of  respiration,  breathiug  either 
at  tlie  surface  of  tlie  water  through  the  two  spiracles  situated  on  the  projection 
(siplioii)  at  the  hinder  end  of  the  body  which  is  thrust  out  into  the  lur  ;  or  nheu 
at  tlie  bottom  respiring  by  tracheal  gills.  The  pupa  also  has  a  double  mode  of 
respiration,  either  taking  in  air  at  the  surface  by  the  two  thoracic  homa  ivilb 
stij^iuatic  openings,  or  when  submerged  using  its  tracheal  gills. 

Besides  its  lung  caudal  tracheal  air-tubes,  the  larval  Eriatalis  is  said  by  ChuD 
to  tbriist  out  from  the  anus  a  number  (20)  of  short  tracheal  fliamenta  which  float 
about  in  the  water  and  serve  to  absorb  the  air. 

An  aquatic  Brazilian  larva  of  the  family  Psyehodidae  has  beeu 
found  by  Fritz  Mttller  to  take  down  under  the  water  a  large  bubble 
of  air  (Fig.  455,  C),  the  main  tracheal  trunk  ending  each  in  an  open- 
ing at  the  end  of  the  body  (A,  B) ;  besides 
this,  while  at  the  bottom  it  breathes  by 
thi-ee  digitiform  tracheal  gills;  another 
species  having  two  pairs  (C,  a). 


>r  body  nf  Hrv-n  of  B 


The  remarkable  larvse  of  the  Blepharoceridss  (represented  in  the 

United  States  by  Ble^/jknroci'fa  aijiitaia),  which  live  permanently  in 

swift  streams,  attached  by  median  snckers  to  stones,  are  apnenstic, 

1  Harris,  Ct.rreH|>oi>dem-e,  |>.  2a!,  PI,  III.,  Fig,  7. 
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and  breathe  solely  by  leaf-like  tracheal  gills  (Fig.  456,  hr)  attached  to 
the  under  side  of  the  second  to  sixth  abdominal  segments.  Those  of 
the  European  Liponeura  are  said  by  Wierzejski  to  be  branched,  tree- 
like. Also  immediately  in  front  of  the  anus  and  behind  the  last 
sucker  are  four  membranous  sacs  provided  with  tracheae,  but  which 
are  not  capable  of  being  withdrawn.  These  are  said  by  Mtlller  to  be 
the  same  as  what  Dewitz  states  to  serve  as  gills,  and  by  Wierzejski 
they  are  homologized  with  the  four  anal  gills  of  Chironomus. 

The  double  mode  of  respiration  in  the  larva  of  the  horse  bot-fly  has  been 
described  by  Scheiber.  On  the  hinder  end  of  the  body  are  the  stigmatic  plates, 
which  contain  two  lateral  gill-plates  and  the  middle  stigmatal  leaf.  Besides  this 
there  is  a  pair  of  slightly  developed  prothoracic  spiracles.  The  embryo  and  also 
freshly  hatched  larva  of  Gastrophilns  equi  do  not  possess  these  gill-plates,  but  on 
the  end  of  the  body  are,  according  to  Joli,  two  long  thread-like  gills.  The 
freshly  hatched  larva  of  the  allied  Cephenomyia  rujibarbis  bears  two  caudal 
projections.  (Kolbe.)  As  in  shrimps  and  other  Crustacea  the  gills  are  kept  in 
constant  motion,  the  water  being  driven  over  them  by  the  rapid  movements  of 
the  telson,  so  in  the  larval  may  flies,  and  in  the  case-worm  (Macronema),  the 
gills  move  more  or  less  rapidly.  In  case-worms  as  well  as  larval  Perlidae, 
SialidaB,  Paraponyx,  and  Hydrophilidse  the  abdominal  region  is  constantly  moved 
to  promote  respiration.      (Kolbe.) 

Blood-gills.  — ^  Fritz  MUller  describes  in  trichopterous  larvae  certain 
delicate  anal  tubular  processes  into  which  the  blood  flows,  and  which 
do  not  as  a  rule  contain  tracheae,  though  occasionally  very  fine 
tracheal  branches.  Ml\ller  compares  them  with  the  gills  of  crabs 
and  of  shrimps.  They  are  eversible  finger-like  tubules.  They  are 
used  when  the  tracheal  gills  are  temporarily  not  available.  Their 
number  varies  even  in  the  same  genus.  There  are  six  in  certain 
Rhyacophilidae ;  five  in  different  Hydropsychidae ;  in  Macronema 
there  are  four,  and  they  are  green  when  filled  with  the  green  blood 
of  that  insect,  the  tracheal  gills  being  whitish.  In  the  freshly 
hatched  larva,  while  the  tracheal  gills  are  present,  no  anal  blood-gills 
are  visible.  Similar  blood-gills  also  occur  in  the  pupae  of  certain 
caddis-flies.     (Pictet.) 

Similar  anal  gills  filled  with  blood  occur  in  the  larvae  of  the  fire- 
flies (Lampyris,  etc.),  and  perhaps,  Kolbe  thinks,  serve  for  respira- 
tion, though  other  authors  believe  them  to  be  adhesive  organs. 

The  larva  of  Pelobius  has  true  blood-gills.    (Schiodte.    See  p.  461.) 

The  eversible  ventral  segmental  sacs  of  Scolopendrella,  Campodea,  and 
Machilis,  as  well  as  the  ventral  tube  (collophore)  of  Podura,  Smynthurus,  etc., 
may,  as  Oudemans  and  Haase  have  suggested,  serve  a  respiratory  purpose, 
though  they  lack  tracheae,  and  differ  from  blood-gills  in  containing  no  gases ; 
yet  the  blood  is  forced  into  them,  causing  their  eversion.     Oudemans  observed 
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that  Machilis  everted  its  sacs  when  the  vessel  in  which  it  was  put  was  filled  with 
warm,  damp  air.  The  sacs  are  only  thrust  out  when  the  creature  is  completely 
at  rest. 

Structures  referable  to  blood-gills  also  occur  temporarily  in  the 
embryo  of  Orthoptera;  Eathke  observed  them  in  the  mole-cricket; 
Ayres  observed  them  in  (Ecanthus  niveu8y  where  they  form  two 
stalked  broad  oval  appendages  on  the  first  abdominal  appendages, 
which  he  regarded  as  gills.  Patten  observed  them  in  Phyllodromia 
gennanica,  as  pear-shaped  structures  occurring  in  the  same  situation, 
but  regarded  them  as  sense-organs,  as  did  Cholodkovsky.  Graber 
found  these  structures  in  the  embryo  of  the  May-beetle,  which  looked 
like  the  other  embrj^onic  limbs,  but  survived  after  the  disappearance 
of  the  latter,  being  longer  and  broader  and  un jointed.  These  disap- 
peared shortly  before  birth.  In  Hydrophilus  they  remain,  Graber 
states,  after  birth.     Nussbaum  has  seen  them  in  MeloS. 

Finally,  Wheeler  has  discussed  at  length  these  embryonic  organs, 
which  he  regards  as  glandular  structures,  and  calls  plenropodhi,  their 
primitive  function  having  been  that  of  limbs.  He  has  detected  them  in 
the  embryo  of  Peripluneta  orientalis,  Mantis  Carolina,  XiphidiHm  emi- 
ferum  (Fig.  387)  ;  also  in  the  Hemiptera  (Cicada  septemdecim^  Zaitha 
flumiyiea),  and  in  Sialis  infumata.  He  discards  the  view  that  they 
were  once  gills  or  sense-organs,  and  concludes  that  they  were  glands. 
But,  as  we  have  suggested,  their  function  once  that  of  gills,  and  still 
respiratory  in  Synaptera,  has  perhaps  become  in  the  winged  insects 
glandular  and  repugnatorial.  Instead,  then,  of  being  modified 
abdominal  limbs  afterwards  serving  as  glands,  as  Wheeler  claims, 
we  are  inclined  to  believe  that  they  functioned  as  blood-gills. 

k.  Tracheal  gills  of  adult  insects 

Tracheal  gills  are  known  to  be  retained  by  a  few  insects  in  the 
imago  stage,  the  nymphs  in  all  stages  breathing  by  them.  The  most 
notable  example  is  the  perlid  genus  Pteronarcys,  in  which,  as  New- 
port states,  there  are  eight  sets,  comprising  13  pairs  of  branchial 
tufts  distributed  over  the  under  surface  of  the  thoracic  and  first  two 
abdominal  segments. 

The  firat  set,  consisting  of  three  pairs  of  tufts,  partly  encircling  the  neck  like 
a  ruff,  arises  from  the  soft  membrane  connecting  the  head  and  prosternum. 
The  thoracic  tufts  originate  between  and  behind  the  coxae,  as  well  as  on  ibe 
front  margin  of  the  meso-  and  metathoracic  segments.  The  number  of  filaments 
in  each  tuft  varies  from  about  20  to  60  or  more,  the  densest  tufts  being  those  of 
the  two  hinder  thoracic  segments.  Each  filament  is  usually  simple,  though  in  a 
few  cases  they  are  branched  (Fig.  457,  A). 


J 


TRACHEAL  GILLS   OF  ADULT  liVSECTS  477 

The  adult  I'leronarcys  is  nocturnal,  6ying  only  at  dewfall  or  in  the  night,  and 
Mr.  Barnstoii  observed  it  when  on  the  wing,  "constantly  dipping  on  the  surface 
of  the  water"  ;  by  day  it  hides  "in  crevices  of  rocks  which  are  conalantly 
wetted  by  the  spray  of  falling  water,  under  stones  and  In  otiier  damp  places." 
It  may  thus  be  compared  with  tlie  Amphibians,  Kectums  and  I'roleus,  nhoBe 
gills  are  relained  in  adult  life.  A  similar  large  Chilian  Ferlid  {Diamphipnoa 
lichenalit  Gerst.)  dlCFers  in  completely  lacking  the  thoracic  gllU,  though  there 
are  four  pairs  on  Uie  abdomen,  i.e.  a  pair  on  each  of  the  Snt  four  seginenta.  In 
tills  form  the  Dumbei'  of  individual  figments  in  the  largest  tutls  may  amount  to 
about  mo. 

Another  I'erlid  {Dittyopteryx  siynata)  ia  said  by  Ilagen  to  have  two  pairs  of 
gill-tufts  on  the  under  side  of  the  head ;  Ibe  tlrst  pair  situated  on  the  base  of  the 
submentum,  Uie  second  on  the  membrane  connecting  the 
bead  and  prosteruum. 

Kolbe  slates  that  in  tbe  Imagin  !  P  la  a  jinala 
and  P.  eephalotts  on  the  hinder  edg  f  h  h  ra  c  sllg- 
mala  arise  three  very  small  chiiinou  i-la  whi  h  n  their 
under  side  and  on  the  edges  are  he«e    w   h  num  short 

white  Hlaraents.     These  completely      iresp     d  to    he  fila- 
ments oF  the  tuft-like  larval  gills.     P  rs      n  a  al  g  lie  also 
occur  in  the  imagines  of  Perta- 
in Nemonra  lateralis  and  finerea  the  tracheal  gills  are 
.  differently  disposed.     Oti  each  side 

''  of  the  anterior  edge  of  the'proater- 

nuni  arise  delicate  tightly  twisted 
filaments,  like  those  of  the  larva. 
(EinfUhning,  p.  6.S6.) 

Hagen  ^so   slates  that  in  the 


Fi8.  *«.  — Under  tide  ol  FIfmnnrcv  rtgaUt.  ihoiTlnK  Ui«  iltuMlon  of  tbe  i^lH  (o,  (.,/)  ind 
th*  imrnil  orill«»  x  A.  ■  bnnchiaL  niAinem  showinit  He  JlrMtlon'of  Ibo  current  of  Wood  ;  c,  d. 
\ne\irr.    B,  end  of  the  «bdom«n  enlnrged.  —  Alter  New|inrt. 

dragon-By.  Euphtea,  the  gills  of  the  nymphs  are  reulned  in  the  imago,  and 
Palm^u  remarks  that  in  jEschna  the  rectal  gills  of  the  nymph  persist  in  the 
imago,  though  not  used  for  respiration. 

Palm^n  gives  an  instance  of  a  caddis-fly  (Hydropsyche,  Fig.  448)  retaining  its 
gills  through  the  imago  stage,  but  they  are  unfit  for  respiration,  as  they  are 
minute  and  shrunken. 

A  walking-stick  (Pritopiu  JlahelU/ormU)  found  in  the  inountalns  of  Brazil 
has  the  remarkable  hahii,  according  to  Murray,  of  spending  "  the  whole  of  tbe 
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day  under  water,  in  a  stream  or  rivulet,  fixed  firmly  to  a  stone  in  the  rapid  part 
of  the  stream,^*  with  its  head  turned  up  stream  ;  but  leaving  the  water  at  dark. 
The  under  side  of  the  body,  including  the  head,  is  hollowed  so  that  the  creature 
may  adhere,  sucker-like,  to  smooth  stones ;  the  claws,  claspers,  and  flaps  on  the 
legs  aid  in  retaining  its  hold,  while  the  outer  margin  of  the  legs  is  dentate  and 
thickly  fringed  with  hair  to  repel  the  water. 

Another  form,  closely  related  to  Prisopus,  from  Borneo  (Cotylosoma  dip- 
neusticum)  is  said  by  Woo<l-Mason  to  be  even  more  profoundly  modified  for  an 
aquatic  life,  since  it  has  not  only  spiracles,  but  also,  as  he  claims,  tracheal  gills. 
From  each  side  of  the  body,  in  fact  along  the  lower  margins  of  the  sides  of  the 
metathorax,  there  stand  straight  out  five  equal,  small,  but  conspicuous  ciliated  oval 
plates,  *'  which,  when  the  insect  is  submerged  and  its  stigmata  are  closed,  doiibt- 
less  serve  for  respiration.^'  The  author  did  not  note  the  actual  presence  of 
trachese  in  these  plates. 


LITERATURE  ON  THE  ORGANS  AND  PHT8I0L0GY  OF  RESPIRATION 

a.   On  the  tracheal  system  in  general 

Lyonet,  P.    Traits  anatomique  de  la  chenille  qui  ronge  le  bois  du  saule.    (La 

Haye,  1760;  2d  edit..  La  Haye,  1762,  pp.  616,  18  Pis.) 
Treviranus,  6.  R.     Beitrage  zur  Anatomie  und  Physiologic  der  Tiere  und 

Pfianzen, 1816. 

Das  organische  Leben.     Bremen,  1831. 

Rengger,  J.  R.     Physiologische  Untersuchungen  liber  die  tierische  Haushaltung 

der  Insekten.    Ttibingen,  1817.     (Germar's  Mag.  f.  Ent.,  1818,  iii,  pp.  410- 

413.) 
Dufour,  L.     Recherches  anatomiques  sur  les  Carabiques  et  sur  plusieurs  autres 

insecte.s  Col6opt6res.     Organes  de  la  I'esplration.     (Ann.  Sc.  nat.,  viii,  I8i0, 

pp.  19-27,  2  ris.) 

fttudes  anatomiques  et  physiologiques  sur  les  insectes  Dipt^res  de  la 

famille  des  Pupipares.    Appareil  respiratoire.    (Ann.  Sc.  nat.  Zool.,  S^r.  3, 
iii,  1845,  pp.  56-64,  1  PI.) 

Description  et  anatomie  d'une  larve  k  branchiep  externes  d'Hydropache, 

(Ann.  Sc.  nat.  Zool.,  S^r  3,  1847,  viii,  pp.  SA\-4ibi.) 

Etudes  anatomiques  et  physiologiques,  et  observations  sur  les  larves  des 

Libellules.     Appareil  respiratoire.     (Ann.  Sc.  nat.  Zool.,  S6r.  3,  xvii,  1852, 
pp.  76-97,  3  Pis.) 

Recherches  anatomiques  sur  les   Hym^nopt^res  de  la  famille  des  Uro- 

cerates.      Appareil  respiratoire.      (Ann.   Sc.   nat.   Zool.,  S6r.  4,  i,  1854, 
pp.  203-209,  1  PI. ;  see  also  p.  344.) 

Burmeister,  H.     Handbuch  der  Entomologie,  i,  1832,  pp.  169-194,  416-436. 

Kirby,  W.,  and  W.  Spence.    Introduction  to  entomology,  1833,  iv,  pp.  35-81. 

Bowerbank,  J.  S.  Observations  on  the  circulation  of  blood  and  the  distribution 
of  the  tracheae  in  the  wing  of  Chrysopa  perla.  (Ent.  Mag.,  iv,  1837, 
pp.  179-186.) 

Plainer,  B.  A.  Mitteilungen  Uber  die  Respirationsorgane  in  der  Haul  bei  der 
Seidenraupe.     (MUller's  Archiv  f.  Physiol.,  1844,  pp.  38-49.) 

Filippi,  F.  de.  Alcuni  osservazioni  anatomico-flsiologische  sugl*  Insetti  in 
generale,  ed  in  particulare  sul  Bombice  del  Gelso.  (Ann.  R.  Acad,  d*  Agri- 
coltura  di  Torino,  1850,  ii,  p.  25,  1  PI.  ;  Transl.  by  C.  A.  Dohm,  Stettin, 
Ent.  Zeit.,  1852,  xiii,  pp.  268-267  ;  xiv,  pp.  124-132,  1  PI.) 


LITERATURE   ON  RESPIRATORY  ORGANS  479 

NewxM>rt,  6.  On  the  formation  and  tlie  use  of  the  air-sacs  and  dilated  trachesB 
in  insects.     (Trans.  Linn.  Soc.  London,  1851,  xx,  pp.  419-423.) 

Lubbock,  J.  Distribution  of  trachese  in  insects.  (Trans.  Linn.  Soc.  London, 
1860,  xxiii,  pp.  23-60.) 

Landois,  L.  Anatomie  des  Phthirius  inguinalis  Leach.  (Zeitschr.  f.  wissens. 
Zool.,  xiv,  18(54,  pp.  1-26,  5  Taf.) 

Anatomie  des  Pediculus  vestimenti  Nitzsch.     (Ibid.,  xv,  1865,  pp.  32-55, 

3  Taf. ) 

Anatomie  des  Hundeflohs  (PuIpx  canis).    (Nova  Acta Leop.-Carol.  Akad. 

der  Naturf.,  Dresden,  1866,  xxxiii,  1867,  pp.  67,  7  Taf.) 

Anatomie  der  Bettwanze  {Cimex  lectularius  L.).     (Ibid.,  xviii,  1868, 

pp.  206-224,  xix,  1869,  pp.  206-233,  4  Taf.) 

Meinert,  Fr.     Campodea? :  en  familie  af  Thysanurernes  orden.    (Naturhistorisk 

Tidsakr.,  3  Raek.,  iii,  1864-65,  pp.  400-440,  1  PI.) 
Reinhardt,  H.     Zur  Entwicklunf^sfceschichte  des  Tracheensystems  der  Hyme- 

nopteren  mit  besonderer  Bezeichung  auf  dessen  morphologische  Bedeutung. 

(Berlin.  Ent.  Zeitschr.,  1865,  ix,  pp.  187-218,  2  Taf.) 
Gerstaeckefy  A.    Bronn's  Klassen  und  Ordnungen  des  Tierreichs,  v,  1866-1879. 

Organs  of  respimtion,  pp.  119-131. 
Pouchet,  6.     D^veloppement  du  syst^me  trach^en  de  I'Anophftle  (Corethra 

plumkornis) .     (Archiv  zool.  exp^rimentale,  i,  1872,  pp.  217-232,  1  Fig.) 
Graber,  V.     IJeber  eine  Art  fibril loiden  Bindegewebes  der  Insektenhaut  und 

seine  lokale  Bedeutung  als  Trachealsuspensorium.     (Archiv  f.  Mikroskop. 

Anat.  X,  1874,  pp.  124-144,  1  Taf.) 

Die  Insekten ;  Mtinchen,  1877.     Organs  of  respiration,  pp.  346-iJ69. 

Packard,  A.  S.    On  the  distribution  and  primitive  number  of  spiracles  in  insects. 

(Amer.  Naturalist,  viii,  1874,  pp.  531-534.) 

On  the  nature  and  origin  of  the  so-called  *' spiral  thread''  of  tracheae. 

(.\mer.  Naturalist,  xx,  1886,  pp.  438-442,  2  Figs.,  p.  558.) 

Wolffi  0.  J.  B.     Das  Riechorgan  der  Biene  nebst  einer  Beschreibung  des  Respi- 

rationswerkes  der  Hymenopteren,  des  SaugrUssels  und  Geschmacksorganes 

der  Blumenwespen.     (Nova  Acta  d.  kais.  Leop-Carol.  Akad.  der  Naturf., 

xxxviii,  1876,  pp.  1-251,  8  Taf.) 
Palm^n,  J.  A.     Zur  Morphologic  des  Tracheensystems.    Leipzig,  1877,  pp.  140, 

2  Taf. 
Moseley,  H.  N.    Origin  of  tracheae  in  Arthropoda.     (Nature,  xvii,  1878,  p.  340.) 
Poletajew,  Olga.     Quelques  mots  sur  les  organes  respiratoires  des  larves  des 

Odonates.     (Horae  Soc.  Ent.  Ross.,  xv,  1880,  pp.  436-452,  2  Pis.) 
Viallanes,   H.      Sur  I'appareil   respiratoire  de  quehjues   larves   de   Dipt6res. 

(Compt.  rend.  Acad.  Sc,  Paris,  1880,  pp.  1180-1182.) 
MacLeod,  J.    La  structure  des  trach^es  et  la  circulation  peritrach^enne.    Bru- 

xelles,  1880,  pp.  70,  4  Pis. 
Hagen,  H.  A.    Beitrag  zur  Kenntnis  des  Tracheensystems  der  Libellenlarven. 

(Zool.  Anzoiger,  1880^  .pp.  157-162.) 

EinwUrfe  gegen  Palmens  Ansicht  von  der  Entstehung  des  geschlossenen 

Tracheensystems.     (Ibid.,  1881,  pp.  404-406.) 

Macloskie,  G.     The  structure  of  the  tracheae  of  insects.     (Amer.  Naturalist, 

1884,  xviii,  pp.  667-573,  Fig.) 
Haase,  S.     Das  Respiration ssy stem  der  Chilopoden  und  Symphylen  (Scolo- 

pendrellen)  vergleichen  mit  dem  der  Ilexapoden.     (Zeitschr.  f.  Ent.  N.  F., 

ix,  Breslau,  1884.) 

Das  Respirationssystem  der  Symphylen  und  Chilopoden.    (Zool.  Beitrage, 

von  A.  Schneider,  i,  1884,  pp.  65-95,  3  Taf. ;  Zool.  Anzeiger,  1883,  pp.  15- 
17.) 


480  TEXT-BOOK  OF  ENTOMOLOGY 

GrasBi,  B.    I  progenitor!  degli  Insetti  e  del  Miriapodi.    L^Japyx  e  la  Campodea. 
(Atti  d.  Accad.  Gioenia  d.  Sc.  Nat.  Catania,  1885,  S^r.  3,  xlx,  pp.  83,  5  Pis.) 

I  progenitori  del  Miriapodi  e  degli  Insetti.     Anatomia  comparata  dei 

Tisanuri.     (Reale  Accad.  d.  Lincei  di  Roma,  Anno  284,  1887.) 

Meinert,  Fr.    De  eucephale  Myggelarver.    Sur  les  larves  eucephales  des  Dipt^res. 

(Vidensk.  Selsk.  Skrifter.,  6  Raekke,  uaturvid.  og  mathein.  Afd.  Kjoben- 

havu,  1886,  iv,  pp.  309-493,  4  Pla.) 
Cajal,  S.  R.    Coloration  par  la  m^thode  de  Golgi  des  terminaisons  des  trachto 

et  des  nerfs  dans  les  muscles  des  ailes  des  insectes.      (Zeitschr.  f.  wiss. 

Microscopic,  1890,  vii,  pp.  332-342,  1  PI.) 
Wistinghausen,  C.  v.   Ueber  Tracheenendigungen  in  den  Sericterien  der  Raupen. 

(Zeitachr.  wissensch.  Zool.,  xlix,  1890,  pp.  665-682,  1  Taf.) 
Stokes,  Alfred  C.    The  structure  of  insect  tracheae,  etc.     (Science,  1893,  pp.  44- 

40,  7  Figs.) 
Sadones,  J.     L'appareil  digestif  et  respiratoire  larvaire  des  Odonates.     (La 

Cellule,  xi,  1896,  pp.  271-326,  3  Pis.) 
Holmgren,  Emil.     Uber  das  respiratorische  Epithel  der  Tracheen  bei  Raupen. 

(Festschrift  Lilljeborg.  Upsala,  1890,  pp.  70-70,  2  Taf.)     See  also  p.  437. 
Also  Gegenbaur^s  Comparative  Anatomy,  Engl.  Trans. 

&.   On  the  stigmata 

Loewe,  C.  L.  W.    De  paitibus  quibus  insecta  spiritus  ducunt.     Diss,  inaug. 
Halse,  1814,  pp.  28. 

Sprengel,  C.    Commentarius  de  partibus  quibus  Insecta  spiritus  ducunt.    Lipsic, 

1815,  pp.  38,  3  Taf. 
Dufour,  L.     Recherches  anatomiques  sur  PHippobosque  des  chevaux.     (Ann* 

Sc.  nat.,  1825,  vi,  pp.  299-322,  1  PI.) 

Nouvelles  observations  sur  la  situation  des  stigmates  thoraciques  dans  les 

larves  des  Bupresticides.    (Ann.  Soc.  Ent.  France,  S6r.  2,  1844,  ii,  p.  203.) 

Landois,  H.    Der  Ti-acheen verse hluss  bei  Tenebrio  molitor.     (ReiChertu.  Dubois- 
Reymond's  Archiv  f.  Anat.,  1800,  pp.  391-397,  ITaf.) 

und  W.  Thelen.     Der  Tracheenverschluss  bei  den  Insekten.     (Zeitfichr. 

wissensch.  Zool.,  xvii,  1807,  pp.  187-214,  1  Taf.) 

Der  Stigmenverschluss  bei  den   Lepidopteren.      (Reichert   u.   Duboia- 

Reymond's  Archiv  f.  Anat.,  1880,  pp.  41-49,  1  Taf.) 

Hagen,  H.  A.     Beitrag  zur  Kenntnis  des  Tracheensystems  der  Libel len-Lanen. 
(Zool.  Anzeiger,  1880,  pp.  157-102.) 

Einwttrfe  gegen  Palm^n's  Ansicht  von  der  Entstehung  des  geschlosseneD 

Tracheensystems.     (Ibid.,  1881,  pp.  404-406.) 

Krancher,  0.     Der  Bau  der  Stigmen  bei  den  Insekten.     (Zeitschr.  wissensch. 

Zool.,  XXXV,  1881,  pp.  605-574,  2  Taf.  ;  Zool.  Anz.,  1880,  pp.  584-588.) 
Meinert,  Fr.     Spirakelpladen  hos  Scarabae-Larverne.     (Vid.  Meddel.  Nat,  For. 

Kjobenhavn  (4),  Aarg.  iii,  1882,  pp.  289-292.) 

Noget  mere  om  Spiracula  cribraria  og  Os  clausum.     En  Replik.     (Ibid. 

(4),  Aarg.  v,  1884,  pp.  68-91,  Fig.) 

Schiodte,  J.  G.    Spiracula  cribraria  —  os  clausum :   lidt  om  naturvidenskabelij; 

Methode  og  Kritik.      (Nat.  Tidsskrift  (3),  xiii,   1883,  pp.  427-473;   also 

Jahresber.  Neapel,  1883,  p.  105.) 
Verson,  E.     II  meccanismo  di  chiusura  negli  stimmati  di  Bombix  mori.     (Atti 

Istit.  Veneto.  Sc,  1887,  p.  9,  PI.) 

Der  Bau  der  Stigmen  von  Bombyx  mori.    (Zool.  Anzeiger,  1887,  x  Jahrg.* 

pp.  501,  602.)    See  also  Zool.  Anzeiger,  1890,  p.  110. 


J 


LITERATURE   ON  TRACHEAL   GILLS  481 

Haase,  S.  Die  Stigmen  der  Scolopendriden.  (Zool.  Anzeiger,  1887,  x  Jahrg., 
pp.  140-142.) 

Holopneustie  bei  Kftfern.     (Biolog.  Centralbl.,  1887,  vii,  pp.  50-63.) 

Carlet,  6.     Note  sur  un  nouveau  mode  de  feriueture  des  trach^es,  ^'  fermeture 

operculaire  "  chez  les  insectes.     (Comp.  rend.  Acad.  Sci.  Paris,  1888,  cvii, 
pp.  766-757.) 

De  Meijere,  J.  C.  H.    Uber  zusammengesetzte  Stigmen  bei  Dipterenlarven  [etc.  ]. 

(Tijd.  Eut.,xxxviii,  1895,  pp.  65-100,  33  Figs.) 
Also  the  other  writings  of  Pahn^n,  Dufour,  Dewitz,  Boas,  Verson. 

c.   On  tracheal  gills  and  tracheal  respiration 

Pictet,  F.  J.  M^inoires  sur  les  larves  des  N^inoures.  (xVnnal.  Sc.  nat.,  1832, 
xxvi,  pp.  369-391,  2  Pis.) 

Recherclies  pour  servir  ^  I'histoire  et  k  Panatomie  des  Phryganides. 

Gen6ve,  pp.  235,  20  Pis. 

Histoire  naturelle  g^n^rale  et  particuli^re  des  insectes  Neuropt^res.     I, 

Monographic:  Famille  des  Perlides,  Geneve,  1841,  1842,  pp.  423,  53  Pis. 

Histoire  naturelle  g^n^rale  et  particuli^re  des  insectes  Neuropt^res.     II, 

Monographic :  Famille  des  Kph^m^rines.   Geneve,  1843-1845,  pp.  300,  47  Pis. 

Dufour,  L.  Kecherches  anatomi(iues  et  considerations  entomologiques  sur  les 
insectes  Col6opt6res  des  genres  Macronychus  et  Elinis.  (Ann.  Sc.  nat.  Zool., 
S6r.  2,  1835,  iii,  pp.  151-174,  1  PI.) 

Description  et  anatomic  d'unc  larve  k  branchies  externes  d' Hydropsyche. 

(Ibid.,  S^r.  3,  1847,  vili,  pp.  341-354,  Fig.) 

Kecherches  anatomiques  sur  la  larve  k  branchies  ext^rieures  du  Sialis 

lutariiis.     (Ibid.,  S^r.  3,  1848,  ix,  pp.  91-99,  Fig.) 

De  diverses  modes  de  respiration  aquatiqne  chez  les  insectes.     (Compt. 

rend.   Acad.  d.   Sc.  Paris,  1849,  xxix,  pp.  763-770;  Ann.  and  Mag.  Nat. 
Hist.,  S^r.  2,  1850,  vi,  pp.  112-118.) 

6tudes  sur  la  larve  du  Potaniophilus.  (Ann.  Sc.  nat.,  S^r.  4,  xvii,  1862, 

pp.  162-173,  1  PI.,  Bericht  v.  Gerstaecker  f.  1862,  pp.  16,  17.) 

Grube,  A.  E.     Beschreibung  einer  auffallenden  an  Silsswasser-schwammen  le- 

benden   Larve   (Sisyra).      (Wiegmanns  Archiv  f.   Naturgesch.,  1843,  ix, 

pp.  331-337,  Fig.) 
Schroder  van  der  Kolk,  J.  L.  6.      M^moire  sur  Panatomie  et  physiologic  de 

(rastnis  equi.     (Nicuwc  Verhandl.  d.  K.  Nederl.  Instit.  Amsterdam,  1845, 

ix,  pp.  1-156,  13  Pis.  ;  Erichson\s  Bericht.  f.  1845,  p.  109.) 
Scheiber,   S.   H.      Vergleichende  Anatomic  und    Physiologic   der   (Estriden- 

Larvcn.      Respirationssystem.       (Sitzungsber.   Akad.    Wissen.sch.    Wien. 

Math.-naturw.  CI..  1862,  xlv,  pp.  7-39.) 
Lubbock,  J.     On  the  development  of  ChJoeon  dlmidiatum.     (Trans.  Linn.  Soc. 

London,  I,  1868,  xxiv,  pp.  61-78,  2  Pis.  ;  II,  1866,  xxv,  pp.  477-492.) 
Onstalet,  E.     Note  sur  la  respiration  chez  les  nymphes  des  Libellules.     (Ann. 

Sc.  nat.  Zool.,  S6r.  5,  xi,  1869,  pp.  370-386,  3  Pis.) 
Rolph,  W.  H.     Beitrag  zur  Kenntnis  eininger  Insektenlarven.     1  Taf.    Inaug. 

Dissertat.     Bonn,  1873. 
Chun,  C.     Ueber  den  Bau,  die  Entwicklung  und  physiologische  Bedeutung  der 

KektaldrUsen  bei  den  Insekten.     Frankfurt  a.  M.,  1875. 
Haller,  G.     Die  Stechmuckenlarve.    Kleinere  BruchstUcke  zur  vergleichenden 

Anatomic  der  Arthropoden.    I.  Ueber  das  Atmungsorgan  der  StechmUck- 

enlarvcn.     (Archiv  f.  Naturgesch.,  xliv,  1878,  pp.  91-96,  1  Taf.) 
Vayssiire,    A.     Kecherches   sur    T organisation   des  larves  des   Eph^m^rines. 

(Ann.  d.  Sc.  nat.  Zool.,  S^r.  6,  xiii,  1882,  pp.  1-137,  11  Pis.) 
2  I 


482  TEXT-BOOK  OF  EXTOMOLOGY 

Vayssi4re,  A.     Monographie  zoologique  et  anatomique  du  genre  Prosopistoms 

Latr.     (Ibid.,  S^r.  7,  ix,  1890,  pp.  19-87,  4  Pis.) 
Eaton,  A.  £.    Notes  on  some  species  of  Cloeon.     (Ann.  Mag.  Nat.  Hist,  Ser.  3, 

xviii,  18(}«,  pp.  145-148.) 

A  reviaional  monograph  of  recent  Kphemeridse  or  may-flies.     (Trans. 

Linn.  Soc.  London,  1883-1887,  Ser.  2,  iii,  63  Pis.) 

Muller,  Wilh.    Ueber  einige  im  Wasser  lebende  Scbmetterlingsraupen  Brasiliens. 

(Archiv  f.  Xaturgesch.,  1884,  i  Jahrg.,  pp.  194-212,  1  Taf.) 
Vogler.     Die  Tracheenkiemen  der  Simulien-l*uppen.     (Mitteil.  Schweiz  Ent. 

Gesellsch.,  1887,  vii,  pp.  277-282.) 
Raschke,  E.  W.    Die  Larve  von  Cnlex  upmorosmt.     Ein  Beitrag  zur  KenntnU 

der  Insekten-Anatomie  und  Histiologie.     (Archiv  fUr  Naturgesch.,  1887, 

liii  Jahrg.,  pp.  133-163,  2  Taf.  ;  Zool.  Anz.,  1887,  x  Jahrg.,  pp.  18,  10.) 
Klapdlek,  Fr.     Untersucliungen   uber  die   Fauna  der  Gewasser  Bohmens.   I- 

Metamorphose  der  Trichopteren.      (Archiv  f.  naturwissensch.     Land©- 

durchforschung  von   Bohmen,  Prag,  1888,  vi,  No.  5,  pp.  63 ;   No.  6,  181)3, 

pp.  145,  Figs.) 
Muller,  Fritz.     Larven  von  Mucken  und  Haarfliiglern  mit  zweierlei  abwechselnd 

thatigen  Atemwerkzeugen.     (Ent.  Nachr.,  1888,  xiv  Jahrg.,  pp.  273-2'T; 

also  Zool.  Anzeiger,  iv,  1881,  pp.  499-502.) 
Kolbe,  H.  J.    Ueber  den  Kranzformigen  Laich  einer  Phryganea.     (Sitzungsber. 

d.  Gesellscb.  naturforsch.  Freunde  in  Berlin,  1888,  pp.  22-26.) 
Haase,  Erich.     Die  Abdominalanhange  der  Insekten  mit  BerUcksichtigung  der 

Myriopoden.     (Morpholog.  Jahrbuch,  1889,  xv,  pp.  331-436,  2  Taf.) 
Dewitz,  H.     Einiger  Beobachtungen,  betreffend  das  ge.schlossene  Tracheensysr 

tem  bei  Insectenlarven.     (Zool.  Anzeiger,  xiii,  IWK),  pp.  500-504,  525-331.) 
Miall,  L.  C.     Some  difficulties  in  the  life  of  aquatic  insects.     (Nature,  xiis 

London,  1891,  pp.  456-462.) 

Natural  History  of  aquatic  insects,  1895,  116  Figs.,  pp.  1-395. 

Wcltner,  W.     (Note  on  Sisyra.)     (Ent.  Nadir.,  p.  145, 1894.) 
Also  papers  by  Hagen,  Dewitz,  Williams,  TomosvAry  (1884),  Rebel. 

d.  Literature  on  rectal  respiration 

Suckow,  F.  W.  L.      Respiration  der  Insekten,  insbesondere  Uber  die  Darm- 

respiration  der  A^schna  (jrandis.      (Zeitschrift  f.   d.  organ.  Physik,  von 

Ileusinger,  1828,  ii,  pp.  24-29,  4  Taf.) 
Dufour,  L.     Sur  la  respiration  branchiale  des  larves  des  grandes  Libellule^;  coin- 

par^e  h  celle  des  poissons.     (Compt.  rend,  de  PAcad.  Sc.  Parts,  1848.  xxvi, 

pp.  301-:^03.) 

fetudes  anatomiques  et  physiologiques  et  observations  sur  les  larves  d« 

Libellules.     (Ann.  Sc.  nat.  Zool.,  S^r.  3,  1852,  xvii,  pp.  76-97,  3  Pis.) 

Gilson,  6.  and  J.  Sadones.     Larval  gills  of  Odonates.      (Journ.   Liuu.  Sor- 
London,  1897.) 

e.   Physiology  of  Respiration 

Bonnet,  Ch.     Recherches  sur  la  respiration  des  chenilles.     (M^m.  Math.  dc« 

Savants  :fctrangers,  Paris,  1768,  v,  pp.  276-303.) 
Treviranus,  G.  R.     Biologic,  oder  Philosophic  der  lebenden  Natur,  ftir  Nitor- 

forscher  und  Aerzte.  6  Bande,  Gottingen,  1802-1822.     (Atmung,  in  Bd.  it.) 

Die   Erscheinungen  und   Gcsetze    des   organischen    Lebens.   2  Btnde, 

Bremen,  1831-1833.     (Atmung  der  Insekten  in  Bd.  i.) 


LITERATURE   ON  RESPIRATION  483 

TreviranuSy  G.  R.    Versuche  tiber  das  Atemholen  der  niedcren  Tiere.    (Zeit- 

schrift  f.  d.  Physiologie,  von  F.  Tiedemanu,  G.  R.  u.  L.  C.  Treviranus, 

1832,  iv,  pp.  1-39.) 
Hausmann,  J.  F.  L.     De  animalium  exsanguinum  respiratione  commentatio. 

Hannover,  1803,  vi,  p.  70. 
Spallanzani,  L.     Memoirs  on  respiration.    London,  1804. 
Sorg,  F.  L.  A.  W.     Disquisitiones  physiologicse  circa  respirationem  insectorum 

et  vermium.     Rudolstadt,  1805,  Part  II,  p.  146. 
Nitzsch,  C.  L.     Commentatio  de  respiratione  animalium.    Vitebergse,  1808,  4^, 

pp.  66. 

Ueber  das  Atraen  der  Hydrophilen.     (ReiPs  Archiv  f.  Physiologie,  1811, 

X,  pp.  440-468. ) 

Reimanis,  J.  A.  H.  Ueber  das  Atmen,  besonders  liber  das  Atmen  der  V5gel 
und  Insekten.  (Reil  u.  Autenrieth,  Archiv  f.  Physiologie,  1812,  zi,  pp. 
220-236.) 

Dufour,  L.  Anatomie  de  la  Ranatrc  lintoire  et  de  la  N^pe  cendr^e.  (Annal. 
g^n^r.  Scienc.  phys.,  Bruxelles,  1821,  vii,  pp.  104-213,  1  PI.) 

M^moire  pour  servir  ^  Phistoire  du  genre  Ocyptera.      (Annal.  Scienc. 

natur.,  1827,  x,  pp.  248-261,  1  PI.) 

Recherches  sur  quelques  entozoaires  et  larves  parasites  des  insectes  Orthop- 

t^res  et  Hym6nopt6res.    (Ann.  Sc.  nat.  Zool.,  S^r.  2, 1836,  vi,  p.  66;  S6r.  2, 
1837,  vii,  pp.  6-20.) 

Note  sur  le  parasitisme.     (Compt.  rend.  Acad.  Sc.  Paris,  1851,  xxxiii, 

pp.  135-139;  Rev.  et  Mag.  de  Zool.,  1861,  pp.  408-412.) 

Dntrochet,  R.  J.  H.     Du  mecanisme  de  la  respiration  des  Insectes.     (Ann.  Sc. 

nat.,   1833,   xxviii,   pp.   31-44  ;     M^m.   Acad.   Sc.   Paris,   1838,    xiv,   pp. 

81-93.) 
Kewport,  6.     On  the  respiration  of  insects.     (Phil.  Trans.  Roy.  Soc,  London, 

18:J6,  cxxvi,  pp.  629-666.) 
Coquerely  Ch.    Note  pour  servir  k  Phistoire  de  l\1Spus  robini,    (Ann.  Soc.  £nt. 

France,  S^r.  2,  1860,  viii,  pp.  529-632.) 
Davy,  J.    On  the  efifecta  of  certain  agents  on  insects.    (Trans.  £nt.  Soc.  London, 

1851,  pp.  195-212.) 
Barlow,  W.  F.    Observations  of  the  respiratory  movements  of  insects.    (Phil. 

Trans.  Roy.  Soc.  London,  cxlv,  1855,  pp.  139-148.) 
Rathke,  H.    Anatomisch-physiologische  Untersuchungen  Uber  den  Atmungspro- 

zess  der  Insekten.     (Schriften  d.  k.  phys.-Okon.  Ges.  K5nigsberg,  i  Jahrg., 

1860,  pp.  99-138,  1  Taf.) 
Lubbock,  J.     On  two  aquatic  Hymenoptera,  one  of  which  uses  its  wings  in 

swimming.    (Trans.  Linn.  Soc.   London,  xxiv,  1863,  pp.  136-142,  1  PI.) 
Boyle,  R.     New  pneumatical  experiments  about  respiration.     (Phil.  Trans., 

1870,  V,  No.  63,  pp.  2061-2066.) 
Lambrecbt,  A.    Das  Atmungsgeschaft  der  Bieuen.    (Bienenwirtschaftl.  Central- 

blatt,  vii  Jahrg.,  1871,  pp.  20-25.) 

Luftverbrauch  eines  Biens  und  die  damit  zusammenh&ngenden  Lebens- 

prozesse  der  Glieder  desselben.     (Ibid.,  1871,  pp.  116-120.) 

Monnier.     Sur  la  r61e  des  organes  respiratoires  chez  les  larves  aquatiques. 

(Compt.  rend.  Acad.  Sc.  Paris,  Ixxiv,  1872,  p.  235.) 
Liebe,  Otto.    Ueber  die  Respiration  der  Tracheaten,  besonders  Uber  den  Mecha- 

nismus  derselben  und  Uber  die  Menge  der  ausgeatmenten  Kohlensfture. 

(Inaug.  Diss.    Chemnitz,  1872,  pp.  28.) 
Plateau,  F.    Recherches  physico-chimiques  sur  les  articul^s  aquatiques.     (Bull. 

Acad.  Roy.  Belg.,  S^r.  2,  xxxiv,  1872,  pp.  271-321.) 


484  .  TEXr-BOOK  OF  ENTOMOLOGY 

PlateaUy  F.  Recherches  exp^rimentales  sur  les  mouvements  respiratoires  des 
Insectes.     (Mem.  Acad.  Belg.,  1884,  xlv,  pp.  219,  7  Pis.,  56  Figs.) 

Recherches  physico-chimiques  sur  les  articul^s  aquatiques.  Part  I.  Ac- 
tion de  sels  en  dissolution  dans  Teau.  Influence  de  I'eau  de  mer  sur  les 
articul^s  aquatiques  d'eau  douce.  Influence  de  I'eau  douce  sur  les  Cru&- 
tac^  marines.  (M^m.  cour.  et  M^m.  des  savants  Strang,  de  Belgique, 
xxzvi,  1871,  pp.  68.)  Part  II.  R^istance  k  Pasphyxie  par  submersion, 
action  du  froid,  action  de  la  chaleur,  temperature  maximum.  (Bull.  Acad. 
Roy.  de  Belgique,  S6r.  2,  xxxiv,  1872,  pp.  271-321.) 

Les  Myriopodes  marins  et  la  resistance  des  Arthropodes  ^  respiration 

aerienne  k  la  submersion.     (Journ.  de  Panatomie  et  de  la  physiologie,  1890, 
xxvi,  pp.  2»i-269.) 

Biitschli,  0.      Ein  Beitrag  zur  Kenntnis  des  Stoflwechsels,  insbesondere  die 

Respiration  bei  den  Insekten.     (Reichert  und  Dubois-Reymond's  Archiv  f. 

Anatomic,  1874,  pp.  348-301.) 
Ritsema  Cz.,  C.     Acentropns  niveits  Oliv.,  in  Zijne  levenswijze  en  verschillende 

toestanden.     (Tijdschr.  voor  Entoni.,  187(),  xxi,  separate,  pp.  34,  2  Taf.) 
Pott,  Rob.    Chemical  experiments  on  the  respiration  of  insects.     (Psyche,  ii, 

1878.) 
Sharp,  D.     Observations  on  tlie  respiratory  action  of  the  camivoroiLS  water- 
beetles.     (Journ.  Linn.  Soc.  London,  xiii.  Zoology,  1878,  pp.  161-18:5.) 
Krancher,  0.     Das  Atnien  der  Bieue.     (I)eutscher  Bienenfreund.,  xvi  Jahrg., 

1880,  pp.  40-61.) 
Gissler,  C  F.    Sub-elytral  air-passjip:cs   in   Coleoptera.     (Proc.  Amer.  Assoc. 

Advanc.  Sc.  29  Meet.  (1881),  1881,  pp.  0(>7-609.) 
Langendorffy  0.    Studien  Uber  die  Innervation  der  Atembewegungen.    6.   Das 

Atmungszentrum  der  Insekten.     (Archiv  f.  Anatomic  u.  Physiol.,  Physiol. 

Abteil.,  1883,  pp.  80-87.) 
Macloskie,  6.    Pneumatic  functions  of  insects.    (Psyche,  iii,  1883,  pp.  37o.) 
Chalande,  J.     Recherches  sur  le  mecanisnie  de  la  respiration  chez  les  Myrio- 
podes.    (Conipt.  i-end.  Acad.  Sc.  Paris,  civ,  1887,  pp.  126,  127.) 
Comstock,  J.  H.    Note  on  respiration  of  acjuaiic  bugs.    (Amer.  Naturalist,  1887, 

xxi,  pp.  577,  678.) 
Fricken,  W.  v.    Ueber  Entwicklung,  Atmung  und  Lebensweise  der  Gattiui^ 

Hydrophilus.      (Tagebl.,  00,  Versaninil.  deutscher  Naturf.  u.  Aerzte,  1887, 

pp.  114,  116.) 
Schmidt,  £.     Leber  Atmung  der  Larven  und  Puppen  von  Donacia  crassip^. 

(Berlin.  Ent.  Zeitschr.,  1887,  xxxi  Jahrg.,  pp.  326-;^.34,  1  Taf.) 
Dewitz,  H.    Entnehmen  die   Larven  der  Donacien  vermittelst  Stigmen    oder 

Atemrohren  den    Luftraumen  der    Pflanzen  die  sauerstoffhaltige    L.aft  ? 

(Ibid.,  1888,  xxxii  Jahrg.,  pp.  6,  6,  Fig.) 
Huller,  G.  W.    Ueber  Agriotmms  armatus.     (SpengePs  Zoolog.   Jahrbticher. 

Abt.  f.  Systematik,  etc.,  iv,  1889,  pp.  1132-1134.) 

Noch  einmal  Agriotypus  armatus.     (Ibid.,  v,  1890,  pp.  689-691.) 

Devaux,  H.     Vom  Ersticken  durch   Ertrinken  bei  den  Tieren  und  Pflanzen. 

(Naturwiss.   Rundschau,  vi  Jahrg.,  1891,  p.   231;  Compt.  rend.   Soc.  de 
Biol.,  1891,  Ser.  9,  iii,  p.  43.) 
See  also  Dewitz,  p.  482  ;  Kolbe,  p.  482. 


THE  MALE  REPRODUCTIVE   ORGANS  485 


THE   ORGANS  OF  REPRODUCTION 

Insects  are  without  exception  unisexual,  the  male  and  female 
organs  existing  in  different  individuals,  no  insects  being  normally 
hermaphroditic.  The  reproductive  organs  are  situated  in  the  hind- 
body  or  abdomen,  especially  near  the  end,  the  genital  glands  opening 
externally  either  in  the  space  between  the  7th  and  8th,  or  8th  and 
9th,  or  9th  and  10th  abdominal  segments,  but  as  a  rule  between  the 
8th  and  9th  segments  (Fig.  299). 

The  primary  or  essential  male  organs  are  the  testes,  those  of  the 
female  being  the  ovaries.  As  we  shall  see,  the  primitive  number  of 
seminal  ducts  and  oviducts  was  two,  this  number  being  still  retained 
in  Lepisma  and  the  Ephemeridae.  The  reproductive  organs  of  both 
sexes  are  at  first,  in  their  embryonic  condition,  of  the  same  shape 
and  structure,  becoming  differentiated  in  form  and  function  before 
sexual  maturity.  These  glands  and  ducts  have  a  paired  mesodermal 
genital  rudiment,  the  ends  of  the  ducts  being  often  connected  with 
corresponding  ectodermal  invaginations  of  the  cuticle. 

The  secondary  sexual  organs  mainly  comprise  the  external  geni- 
tal armature  of  the  male,  and  the  egg-laying  organs,  or  ovipositor  of 
the  female.  Besides  these  structures  there  are  other  more  superfi- 
cial secondary  sexual  characters,  such  as  differences  in  the  size  and 
ornamentation  as  well  as  coloring  of  the  body,  or  of  parts  of  it. 

The  primary  sexual  organs  of  insects  have  been  conveniently  tab- 
ulated by  Kolbe,  thus :  — 

I.    Mcde  reproductive  organs.  II.   Female  rej)roductive  organs, 

1.  Two  te.stes,  with  testicular  fol-     1.  Two    ovaries,   with  the    egg- 

licles.  tubes. 

2.  Seminal  ducts  (vasa  deferen-     2.  Two  oviducts. 

tia).  3.  Receptaculum  seminis ;  bursa 

3.  Seminal  vesicle.  copulatrix. 

4.  Accessory  glands.  4.  Accessory  sac. 

6.  The  common  seminal  outlet,      5.  The  common  oviduct,  vagina, 

with  the  penis.  uterus. 

6.  The  copulatory  apparatus.  6.  The  ovipositor. 

The  dacts  of  the  sexual  glands  in  Peripatus  being  transformed  nephridia  or 
segmental  organs,  it  has  been  inferred  that  this  is  also  the  case  with  those  of 
insects,  though,  as  Lang  states,  there  is  a  considerable  difference  in  the  two 
cases,  as  the  greater  part  of  the  ducts  in  Peripatus  arises  out  of  the  ectoderm, 
while  in  the  Myriopoda  and  insects  they  come  from  the  mesoderm  ;  but  he  adds 
that  in  the  Annelids  the  greater  part  of  the  nephridial  duct  is  of  mesodermal 
origin. 
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While  in  insects  there  is  but  a  single  pair  of  genital  outlets, 
the  serial  arrangement  of  the  testicular  (Fig.  458)  and  egg-tubes 
(Fig.  459)  in  some  Thysanuia  (Campodea,  Japyx,  and  Lepisma), 
where  the  tubes  (5  to  7  on  each  side)  open  singly  one  behind  the 
other  in  segmental  succession,  indicates  that  in  their  ancestors  these 
egg-tubes  opened  out  on  different  segments  situated  one  behind  the 
other.     Each  e^-tube  independently  opens  into  one  of  the  two 
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oviducts,  which  extend  through  the  abdomen  as  straight  canals. 
The  two  oviducts  open  externally  by  a  short  unpaired  terminal  ]>or- 
tiou,  which  in  Machilis  is  said  to  be  wanting,  only  the  outer  ajter- 
tuve  of  the  two  oviducts  being  in  this  case  common  to  both.  In 
Oampo<lea  and  in  the  Collembola  the  ovaries  and  testes  on  each  side 
aie  simply  tubes.  It  is  to  be  observed  that  in  the  young  Lepisina 
Xassonow  found  that  the  external  openings  of  the  two  ejaculatorv 
ducts  are  paired  (tig-  458  B,  ed.}. 

Id  the  Stylopldce,  alKU,  though  this  may  be  the  result  of  adaptation  to  the 
BiiiKulnr  parasitic  habits  of  the  fetDales  whose  bodies  are  mostly  situated  in  tbe 
abdomen  of  their  host,  tlie  ends  of  tlie  oviducts  are  formed  by  the  invagination 
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of  the  integument  of  ih«  2(1,  ,3d,  and  4th  abdomiiiiil  segments.  In  Uie  2d  to  iith 
eeginents  are  situated  tubes  which  open  in  the  cavity  of  the  t>ody  witii  fuunel- 
like  ends,  so  that  the  ducts  have  a  close  resemblaoce  to  the  segmental  organs  of 

Among  the  winged  insects  the  reproductive  organs  of  the  cricket 
(Fig.  466)  are  perhaps  as  simple  as  any.  The  testes  are  separate, 
and  the  vasa  deferentia  very  long.  The  seminal  vesicles  bear 
numerous  large  and  short  iitiicles  {ntriculi  majores  and  brevwres), 
the  penis  being  simple  and  dilated 
at  the  end;  while  in  Phyllodro- 
mi'a  gemuinica  the   testes  are  func- 


Fio.  «».  — Onrlft  ofTHvunuM;   -l.ofrun.  FiB.    «0.  —  Fi-mnle   genlUL    nntum   of 

pod«.  Aof.lapyi.- After  jiniil.  ('.  of  Miwhilli.       Itpttma  nafetiarinn .  ufull:  ak.  uvirien: 

™Kln«:  rt.  wiiul«ory  po'ucb  ;■  eg.  Kveworj^ 

tional  throughout   life,  and  consist  Jrier  NMs<.'n^'''fr^m  Pe^r"""'  "" 
of  four  lobes  each.     In  the  common 

cockroach  {P.  orientals)  (Fig.  461)  the  testes  are  fiitictiotial  only  in 
the  young  male ;  they  afterwards  shrivel  and  are  functionally  replaced 
by  the  vesiculEe  seminales  and  their  appendages,  when  the  later  trans- 
formations of  the  sperm-cells  are  eifected.  The  accessory  glands  are 
numerous  and  differ  both  in  function  and  insertion.  Two  sets  of 
these  glands  (utriculi  majores  and  bi-eviores)  are  attached  to  the 
vesiculffi  seminales  and  the  fore  end  of  the  ejacnlatory  duct,  while 
another  appendage,  called  by  Miall  and  Benny  the  conglobate  gland, 
opens  separately  on  the  exterior  upon  a  double  hook,  which  forms  a 
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part  of  the  exteraal  geuital  armature.     The  Bo-called  penis  is  long, 
slender,  and  dilated  at  the  end,  but  is  not  perforated. 

In  the  locusts  (Acrydiidse)  the  testes  are,  unlike  those  of  most 
other  Orthoptera,  closely  united  to  each  other  so  as  to  form  a  siugle 
mass  of  tubular  glands  into  which  penetrate  both  simple  and  dilated 
trachea;  the  entire  mass  is  situated  in  the  3d,  4th,  and  5tli 
abdominal  segments, 
and  above  the  intes- 
tine. The  anterior 
end  of  the  testicular 
mass  is  rounded  and 
held  in  place  by  a 
broad,  thin  band,  one 
on  each  side ;  two 
similar  bands  are 
situated  a  little  be- 
hind the  middle  of 
the  mass.  From  the 
under  side,  and  a 
little  in  advance  of 
the  middle  of  the 
mass,  two  straight 
small  ducts,  as  long 
as  the  testicular  uias& 
pass  obliquely  to  the 
sides  of  the  body, 
at  the  ])osterior  end 
of  the  7th  segment  of 
the  abdomen ;  these 
are  the  vasa  defer- 
entia.  Each  vas  de- 
ferens, with  its  mate. 
forms  a  convoluted 
mass  of  tubes,  com- 
prising twenty  folded 
Qgle,  long,  convoluted 
the  6th  and  7th 


luor :  B,  p«dIs  ;  olhcr  letter*  *■ 


bundles  (epididymis  of  Dufoiir),  and  two  f 

tubes,  the  vesiculw  seminales,  which  are    lobed  i 

segments  of  the    abdomen.      The   two  vesiculEB  unite  over  the  Trth 

abdominal   ganglion,  forming  a  thick,   very   short    canal    (duchit 

ffucttldtorius),  which  passes  into  a  large  spherical  muscular  mass 

(pr^putium),  behind  which  is  the  large  intromittent  organ  (pmi'it. 

which  forms  a  short  chitinous  cylinder,  quite  complicated  id  stract- 
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ure,  being  armed  with  hooks  and  projections  and  affording  excellent 
specific  characters.  It  can  be  seen  in  place  without  dissection  by 
drawing  back  the  orbicular  convex  piece  called  the  velum  penis. 

In  the  Hymenoptera  the  reproductive  system  is  quite  simple,  as 
seen  in  Fig.  462. 

The  general  shape  and  relations  of  the  female  reproductive  organs 
are  seen  in  Fig.  298,  of  the  locust  (Acrydiidse).  The  ovaries  consist 
of  two  large  bundles  of  tubes,  each  bundle  tied  to  the  other  by  slight 
bands,  with  air-sacs  and  tracheae  ramifying  among  them.  These  tubes 
extend  along  the  intestine,  passing  into  the  pro- 
thorax.  The  ovarian  tubes  opening  into  the 
oviducts  unite  to  form  the  vagina,  which  lies 
on  the  floor  of  the  abdomen.  (In  the  cockroach 
the  vagina  has  a  muscular  wall  and  chitinous 
lining.)  Above  the  opening  of  the  duct,  and 
directly  communicating  with  it,  is  the  copulatory 
pouch  (bursa  copulatrix),  a  capacious  pocket  lined 
within  with  several  narrow,  longitudinal,  chiti- 
nous bands.  Behind  the  bursa  copulatrix  lies, 
partly  resting  under  the  fifth  abdominal  gan- 
glion, the  sebific,  cement,  or  colleterial  gland 
(coUeterium;  compare  Fig.  299,  sb),  which  is 
flattened,  pear-shaped,  a  little  over  half  as  long 
as  a  ripe  egg  of  the  same  insect.  From  the 
under  side,  a  little  in  advance  of  the  middle, 
arises  the  sebific  duct,  which,  after  making  three  ganj  of  Mw-tiy  {Atju 
tight  coils  next  to  the  ganglion,  passes  back  and  ^-  ''-  epwwymis;  e  d, 
empties  into  the  upper  side  of  the  bursa  copular    '*  seminaiea ;  /,  ductus 

^  ^  ^  ^  ejaculatorius ;     h,     penis 

trix,  dilating  slightly  before  its  junction  with  the  (jee  also  p.  iso).— After 
latter. 

The  most  primitive  type  of  reproductive  organs  observed  in  insects 
is  that  of  the  young  Lepisma  and  the  Ephemeridae,  in  which  the 
outlets  of  the  oviducts  and  of  the  vasa  deferentia  respectively  are 
double  or  paired,  showing  that  insects  have  probably  inherited  these 
structures  from  the  segmental  organs  of  their  vermian  ancestors. 

Reaumur  had  already  observed  the  process  of  oviposition  and  seen 
that  the  female  Ephemera  had  two  openings  near  the  end  of  the 
"  6th "  abdominal  segment,  from  which  he  sfiw  two  masses  of  eggs 
pass  out  at  a  time  (Fig.  463).  Eaton  afterwards  (1871)  referred  to 
the  oviducts  as  terminating  between  the  7th  and  8th  segments  of  the 
abdomen,  and  after  him  Joly ;  but  for  a  detailed  monograph  on  the 
subject  we  are  indebted  to  Palm^n.      He  found  that  the  outlets  of 


Fig.    462. 


Male   or- 
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the  sexual  glands  are  paired,  not  only  in  the  larvse  of  all  stages,  but 
also  in  the  imagines,  and  in  both  sexes.  In  the  males  the  vasa  defer- 
entia  pass  on  the  ventral  side  of  the  !)th  segment  through  tn-o 
external  append^es,  both  reproductive  organs,  at  whose  tips  or  sides 
the  openings  are  situated.  In  the  larvs  the  female  openings  are 
not  formed  until  after  the  last  moult.  In  the  females  the  two  ovi- 
ducts open  on  the  ventral  side  of  the  hind-body  between  the  7th  and 
8th  segments. 

Palm^n  suggests  that  the  Ephemerids  represent,  in  respect  to  the 
reproductive  system  among  insects,  a  very  primitive  tyi>e  of  organi- 
zation, and  he  concludes  that  the  inner  sexual  organs  of  insects  are 
built  up  of  two  dilferent  morphological  elements;  i.e.  (a)  internal 
primitive  paired  structures  (testes  with  vasa  deferentia,  ovaria  with 

oviducts),  and  {b)  integumental  structures. 

such     as    the    ductus    ejaculatorius    ami 

vagina. 

In  the  younger  larva;  the  vasa  deferentia 

form  slender  cords  along  which  are  situated 
fi  the  seminal  glands ;  these  cords  are  insei'ted 

in  the  integument  on  the  hinder  edge    of 

the  !)th  sternite,  where  afterwards,  during 

the  last  moult,  the  copulatory  organs  grow 

Kio.  <«.  — Itptornsd  end  "f  .        t      .1         i  .        i  ..  .. 

iKjdy  nf  Kiihriiieri.  Hith  two  eeu-  out.  In  the  oluev  larvffi  the  sperm  collects 
Som"i'ie'iinib"e""v*iiucu'^VnuiL  iu  the  cavitics  of  these  cords.  Their  walls 
—       r    luninar.  become  expanded,  and  this  section    then 

functions  as  vesiculse  seminalea.  The  ends  of  the  cords  remain  con- 
tracted and  act  as  ductus  ejaculatorii.  t'ommon  unpaired  glandular 
structures  are  not  present.  At  the  last  moult  the  eopulatory  organs 
reach  their  complete  development,  and  the  ducts  become  o[>en 
externally. 

The  oviducts  in  the  larva  are  at  first  slender,  string-like,  anil 
bear  the  e^-follicles.  As  soon  as  the  eggs  pass  out  of  the  follicle^: 
and  collect  iu  the  oviducts,  the  walls  of  the  latter  become  stretche<i, 
and  this  portion  forms  two  utems-like  structures.  The  terminal 
division  of  the  two  passages  forms  their  vaginal  portions.  But  sinee 
there  is  no  common  v^ina,  there  are  no  unpaired  glands  and  no 
receptaculum  seminis.  The  two  ducts  become  open  aft«r  the  last 
shedding  of  the  skin. 

Palmen  adds  that  this  paired  or  double  nature  of  the  sexual  glands 
and  their  external  ducts  in  this  group  of  insects  occurs  in  some  M\Tio 
poda  {Fig.  3,  E,  F)  and  a  few  Arachnida  (Fig.  3,  C,  D,  the  outlets 
being  in  this  class  unpaired),  numerous  Ovustacea,  and  most  worm-i: 
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and  as  already  stated  it  is  very  marked  in  Limulus,  where  the  paired 
outlets  are  in  both  sexes  very  simple  and  wide  apart  (Fig.  3,  A).  In 
the  worms  the  paired  genital  ducts  are  modified  segmental  organs. 
As  we  have  seen,  in  the  young  male  Lepisma  there  are  two  male 
genital  openings.  Hence  this  double  nature  of  the  genital  passages 
in  the  may-flies  seems  to  be  very  primitive. 

In  the  Dermaptera,  also,  the  genus  Labidura  was  found  by  Meinert 
to  have  two  independent  ductus  ejaculatorii,  opening  externally  in 
double  external  slit-like  processes  (2:>€nes),  The  two  ducts  arise 
from  a  single  seminal  vesicle,  which  is  either  paired  (L.  advena),  or 
forms  a  common  passage  (2/.  gigantea).  In  Forficula  (Fig.  4G4,  B) 
only  one  ejaculatory  duct  persists,  the  other  is  obliterated,  and  one 
of  the  penes  is  atrophied,  the  other  assuming  a  position  in  the  mid- 
dle line  of  the  body.  Thus  the  single  ejaculatory  duct  and  seminal 
vesicle  arise  from  the  primitive  vasa  deferentia,  and  not  from  the 
integument  of  the  body,  as  is  the  case  in  the  following  examples. 

According  to  the  researches  of  Dufour,  Loevv,  etc.,  most  species  of  Orthoptera 
(CEdipoda),  Libeliula,  Perla,  Panorpa,  Rhaphidia,  Myrmeleon,  Sialis,  and  Tri- 
choptera  (Hy dropsy che)  have  double  vasa  deferentia  and  seminal  vesicles,  and 
two  ejaculatory  ducts.  The  male  genital  passages  of  Rhaphidia  have  a  double 
opening,  Loew  describing  '*  the  two  seminal  vesicles  as  lying  near  each  other  and 
at  last  uniting  in  a  common  passage,  with  an  external  opening,  which,  however, 
must  be  very  short,  since  I  could  only  once  clearly  observe  it."  This  opening 
is  a  deep  invagination  of  the  external  integument,  at  the  bottom  of  which  the 
two  ducts  open  independently  of  each  other.  In  such  insects,  Palm^n  states 
that  the  single  ejaculatory  duct  morphologically  arises  by  an  invagination  of  the 
integument. 

In  another  group,  forming,  as  regards  the  genital  apparatus,  a  step  next  above 
the  Ephemeridse,  viz.  the  Perlidje,  the  oviducts  open  near  each  other  at  the 
bottom  of  a  median  single  *'  vagina,"  situated  between  the  7th  and  8th  abdomi- 
nal segment;  it  is  covered  beneath  by  a  valve-like,  enlarged  sternite  of  the 
preceding  segment,  and  Palm6n  homologizes  it  with  the  ovi-valvula  of  some 
Ephemeridse.  He  regards  this  bell-shaped  vagina  as  a  cup-like,  deep,  interseg- 
mental fold,  which  projects  into  the  body-cavity  and  there  receives  the  two 
ducts. 

This  differentiation  in  the  Perlidje  may  be  regarded  as  the  type  for  several 
groups  of  insects.  But  in  others  occur  a  complication  which  in  some  degree 
modifies  the  type.  Thus  the  invagination  arises  out  from  one  segment  alone, 
but  several  segments  during  metamorphosis  may  become  so  reduced  that  the 
ventral  portions  of  all  may  be  invaginated  to  form  the  vagina.  Thus  in  the 
larva  of  Corethra,  according  to  Leydig,  and  also  Weismann,  the  two  testes  are 
attached  by  two  cords  to  the  integument ;  the  hinder  ones  are  inserted  indepen- 
dently, and  share  in  the  development  of  the  outlets. 

Graber  has  observed  the  same  relations  in  the  pupa  of  Chiron omus,  the  efferent 
genital  tubes  in  both  sexes  being  separate,  so  that  there  are  two  vaginal  passages 
and  two  penes  present.  Palm^n  comments  on  these  relations  in  the  dipterous 
insects,  remarking  that  during  metamorphosis  certain  parts  of  the  terminal  ab- 
dominal segments  are  reduced,  while  others  are  hypertrophied ;  hence  the  points 
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of  insertion  of  the  cords  referred  to  becoming  the  openings  of  the  vasa  are  car- 
ried within  the  abdomen  ;  and  this  part  of  the  integument  becomes  an  unpaired 
section.  In  these  insects,  also,  there  is  an  unpaired  vesicula  seminalis,  but  its 
morphological  nature  (whether  formed  from  the  integumental  duct  or  the  fused 
vasa  deferentia)  can  only  be  settled  after  special  investigation. 

In  the  Lepidoptera,  also,  it  has  been  shown  by  Herold,  Suckow,  Bessels,  and 
recently  with  full  details  by  Jackson,  that  the  paired  larval  oviducts  are  at  first 
solid,  but  become  tubular  early  in  pupal  life.  A  little  later,  their  cavities  open 
into  that  of  the  azygos  or  unpaired  oviduct.  The  paired  oviducts  open  in  the 
female  caterpillars  on  the  hind  edge  of  the  7th  abdominal  segment,  afterwards 
uniting  with  the  unpaired  vagina  of  the  8th  segment,  which  is  developed  from 
the  hypodermis. 

Jackson  adds  that  there  are  three  stages  traceable  in  the  evolution  of  the 
genital  ducts  of  Lepidoptera:  '*an  ephemeridal  stage,  which  ends  towards  the 
close  of  larval  life  ;  an  orthopteran  stage,  indicated  during  the  quiescent  period 
preceding  pupation ;  and  a  lepidopteran  stage,  which  begins  with  the  com- 
mencement of  pupal  life.** 

As  a  summary  of  these  results  it  appears  that  the  genital  organs 
of  insects  consist  of  two  morphologically  different  elements :  1.  the 
primitive  internal  paired  structures  (testes  with  the  vasa  deferentia; 

A  B  C  D  E  F 


Fig.  4<>4. —Evolution  of  the  unpaired  fW>in  the  jMiired  M>xnal  organs  of  injects:  A-E^  wik 
org^ans.  The  narts  ariHinr  by  inva^natton  of  the  integument  indicated  by  thick  black  lines.  A,^ 
Ephemerid.  i,  Forficma  'auHcufariit.  (\  nyin|)h  of  Orthoptera  in  general.  ^,  CEdiii«A^ 
£^  Cetonia  aurata.    /*,  female  organs  of  JSschna.  —  After  Poliuen,  fi-oiu  Lang. 

ovaries  with  the  ovarian  tubes),  and  2.  integumental  structures 
(Fig.  404).  In  the  most  primitive  winged  insects  (Ephenierida?)  the 
latter  structures  are  only  represented  by  the  two  external  sexual 
openings,  the  entire  reproductive  system  being  paired.  The  paired 
parts  become  in  the  more  highly  differentiated  forms  united  into 
single  parts,  while,  a,  a  common  integumental  division,  grows  in, 
forming  the  ductus  ejaculatorius,  or  the  vagina;  or,  6,  the  inner  pas- 
sages anastomose  together,  i.e.  the  oi)enings  fuse  together ;  or,  r,  both 
of  these  cases  occur  at  once ;  or,  finally,  we  have  d,  where  the  super- 
fluous paired  parts  by  reduction  become  single. 

The  male  ducts  open  behind  the  9th,  the  female  passages  of 
Ephemerids   behind  the   7th  abdominal  ^segment,   those    of  other 
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insects  behind  the  8th,  except  in  the  Stylopidae  (Strepsiptera),  in 
which  they  open  much  in  front. 

Figure  464  graphically  shows  their  relation.  In  the  Odonata  {F) 
the  chitinous  lining  or  integumental  invagination  extends  inwards 
where  the  two  oviducts  begin,  in  the  Coleoptera  (E)  the  vagina, 
bursa  copulatrix,  and  receptaculum  seniinis  being  lined  by  a  thick 
chitinous  layer.  While  in  Perla  the  two  seminal  ducts  pass  directly 
into  the  copulatory  organ,  in  the  Coleoptera  they  open  into  the 
unpaired  ductus  ejaculatorius  at  a  distance  from  the  copulatory 
organ. 

The  morphological  results  obtained  by  Palm^n,  and  for  the 
Lepidoptera  by  Jackson,  were  apparently  confirmed  from  an  em- 
bryological  point  of  view  by  Nusbaum,  from  observations  on  the 
development  of  the  sexual  passages  in  two  genera  of  Pediculidse, 
and  are  as  follows :  — 

1.  The  prevalent  impression  that  the  larval  ducts  unite  with  each  other  and 
give  origin  to  the  whole  system  of  sexual  ducts  is  incorrect ;  they  form  only 
the  vasa  deferentia  or  the  oviducts. 

2.  All  other  parts  of  the  efferent  apparatus  (uterus,  vagina,  receptaculum 
seminis,  ductus  ejaculatorius,  penis,  and  appended  glands)  develop  from  the 
hypodermis. 

3.  The  connective  tissue  and  the  musculature  of  the  efferent  apparatus  are 
derived  from  mesoblast  cells  present  in  the  body-cavity. 

4.  The  efferent  ducts  originate  as  paired  rudiments.  All  unpaired  (azygos) 
parts  (uterus,  penis,  receptaculum  seminis,  unpaired  glands,  etc.)  are  at  first 
paired.  The  unpaired  efferent  apparatus  of  insects  must  therefore  be  regarded 
as  morphologically  a  secondary  and  more  complicated  form.^ 

5.  The  male  and  female  efferent  ducts  are  strictly  homologous. 

6.  The  cavities  of  the  oviducts,  uterus,  vagina  in  the  female,  of  the  vasa 
deferentia,  appended  organs,  and  ductus  ejaculatorius  of  the  male  arise  inde- 
pendently, and  come  into  connection  secondarily. 

The  presence  of  two  genital  openings,  viz.  a  bursa  copulatrix  or  copulatory 
pouch,  and  of  the  primitive  oviducal  orifice  behind  the  9th  segment,  is  peculiar 
to  Lepidoptera,  and  the  inquiry  naturally  arises  whether  they  represent  the 
outlets  of  two  pairs  of  segmental  organs.  The  question  has  been  fully  set  at 
rest,  however,  by  Jackson,  who  shows  that  the  copulatory  pouch  is  a  secondary 
invagination  of  the  ectoderm,  being  derived  from  the  hypodermis,  while  the 
second  aperture  is  a  special  adaptation.  It  is,  however,  the  partial  homologue 
of  the  vaginal  orifice  in  other  orders  of  insects.  It  opens  behind  the  sternite  of 
the  8th  abdominal  segment,  the  typical  position  of  the  vaginal  aperture  as 
shown  by  Lacaze-Duthiera.     The  lateral  position  of  the  bursa  and  its  separation 

1  Nusbaum's  view  has  been  questioned  by  Heymons,  who,  from  his  studies  on  the 
embryolofi^y  of  the  cockroach  (Periplaneta  and  Phyllodromia) ,  Forficula,  and  Gryl- 
1ns,  concludes  that  the  ectodermal  ends  of  the  sexual  outlets  owe  their  origin  to  an 
unpaired  median  hypodermal  invagination,  and  that  it  is  quite  doubtful  whether  the 
ectodermal  portions  of  the  sexual  passa^res  of  insects  were  ever  paired  (p.  10}).  On 
the  other  hand  he  appears,  even  throwing  out  the  case  of  Ephemera,  to  have  over- 
looked Nassonow's  discovery  of  paired  outlets  in  the  young  of  Lepisma. 
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from  the  azygos  oviduct  are  probably  late  features  iti  the  phylogenetlc  history 
of  the  Lepidoptera,  subsequent  even  to  the  closure  of  the  furrow. 

'*  The  existence  of  a  second  or  posterior  aperture  is  probably  to  be  attributed 
to  the  advantage  gained  by  a  terminal  position  for  the  aperture  through  wliich 
the  ova  are  laid.  The  remarkable  way  in  which  this  aperture  shifts  backwards 
seems  to  point  very  distinctly  to  this  explanation,  especially  as  the  Lepidoptera 
are  entirely  devoid  of  the  outgrowths  which  form  the  ovipositor  in  some  orders  ; 
e.g.  most  Orthoptera." 

The  original  condition  of  things  appears  to  have  been  retained  in  a  moth, 
Nemntois  metalUcus^  which,  according  to  Cholodkowsky,  possesses  but  a  sins^le 
external  aperture,  the  bursa  opening  into  the  dorsal  wall  of  the  unpaired  oviduct. 

a.   The  male  organs  of  reproduction 

Bearing  in  mind  that  the  testes  with  their  efferent  ducts  are,  like 
the  ovaries  and  egg-tubes,  primitive  structures,  there  are  various 
secondary  or  adaptive  structures  which  are  either  due  (1)  to  mcHlifi- 
cations  of  the  male  efferent  ducts,  or  of  the  ovarian  tubes,  or  (2)  to 
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Fio.  46tV  — ."t,  diajrr&m  of  male  sexual  oiyans  of  Curabiis.  B^  of  Blaps.  C,  of  Hydropkilaa. 
The  heavy  black  lines  represent  the  ectodermal  organs  ;  /,  testis  ;  a.  ff.,  accessory  {rlands.  —  \tter 

Kscherlch. 

various  accessory  organs,  mostly  glandular,  resulting  from  the  in- 
vagination of  the  ectoderm. 

The  male  organs  are,  then,  the  following:  — 

1.  Two  testes  (Figs.  465-469,  t,  H,  ho). 

2.  The  two  seminal  ducts  (ra^i  deferent kxy  r,  d,  SL),  whose  lower 
or  outer  (distal)  division  becomes  enlarged  and  acts  as  a  seminal 
vesicle  (vesicula  seminalis;  Figs.  467-469,  bl,  SB). 

3.  The  common  ejaculatory  duct  (ductus  ejacnlatorius),  with  the 
penis  (Figs.  467-469,  a//,  uSG). 

4.  Accessory  glands  at  tlie  base  of  the  vasa  deferentia  (glandyl<r 
ynucoscBf  Figs.  465-469,  a.g,  dr,  D),  whose  secretion  mixes  with  the 
semen  or  serves  for  the  formation  of  the  seminal  j^aekets  (seinato- 
phores). 


THE   TESTES  403 

In  his  paper  on  the  Internal  male  organs  of  beetles,  Escherich  states  that 
those  of  the  Carsbids  illustrate  tbe  simplest,  most  primitive  condlttoD  (Fig.  465). 
A  simple  blind  tube  on  each  side  produces  spermatozoa,  stores  the  elemenut, 
and  secretes  mucus.  Each  of  these  tubes  opens  into  a  somewhat  larger  duct, 
and  the  two  unite  In  a  common  ejaculatory  canal.  The  terminal  p>.rtion  in 
these  beetles  is  lined  with  chltin,  and  is  therefore  ectodermal,  and  not  the  result 
of  the  union  of  the  mesoderniic  rasa  deferentta.  Tlie  region  corresponding  to 
the  l«st«s,  vasa  defcrentia,  and  seminsi  vesicles  are  inesodertnic.  Blaps  (Fig. 
465,  B)  is  intermediate  between  the  CarabidsB  and  Hydropliiliis  (Fig.  466,  C). 
The  accessory  glandB  (n,?.)  are  developed,  and  the  Beminal  vesicles  are  situated 
in  the  middle,  and  not  at  the  lower  end  of  theTasadefereiitia,  as  in  Hydrophilus. 

The  testea.  —  Each  testis  is  composed  of  follicles  or  corresponding 
parts,  which  according  to  the  group  of  insects  in  which  they  occnr 
are  united  in  different  ways  ;  or  each  testis  consists  of  a  single  hank 
or  skein-like  blind  tube  which  is  enveloped  by  a  menibiane,  as  in 
the  Carabidae,  DyticidEe,  or  Lueanidse. 

The  number  of  testicular  tubes  is  small  in  most  Hemiptei-a,.  but 
very  great  in  the  CicadidEe,  Orthoptera,  Coleoptera,  and  many 
Hyinenoptera     Although  the  testes  are  usually  separated  from  each 


Fia.  4K.  — M»leMiuBl»ppiini[iis<if  »b«rl!-l»eMe!  a, 
gland ;  an.  tl'uclii.  fjncu'lBIorlui.  —  Atttr  Uiiitwr. 

other,  they  are  closely  united  in  certaiu  Orthoptera  (Gryllotalpa, 
Ephippigera),  Coleoptera  (Galerueella),  in  many  Lepidoptera,  and 
in  a  number  of  Hynienoptera  (Scolia,  Vompilus,  Crabro,  and  others). 
The  two  testea  of  most  Lepidoptera  are  so  closely  grown  together 
or  coalesced  into  a  single  body  that  one  might  regard  them  as  a 
single  testis.  But  in  the  different  families  there  occur  all  grades, 
from  the  unpaired  testes  of  most  Lepidoptera  to  Hepialus  with  sepa- 
rate testes.     Cholodkowsky  therefore  distinguishes  four  types :  — 

1.  The  embryonal  or  primitive  type,  with  two  testes,  whose  seminal  follicles 
are  entirely  separate.  (Brandt.)  These  testes  are  contained,  as  In  all  other 
Lepidoptera,  in  a  we  11 -developed  thick"  chit inous  membrane  or  scrotum,  analo- 
gous to  that  of  the  higher  Tertehrat«8,  which  envelops  each  separate  seminal 
follicle  iHepialua  kumuli). 
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2.  The  larval  type,  with  two  testes,  whose  four  follicles  are  enclosed  by  a 
common  scrotal  membrane  {Bombyz  mori^  GoBtropacha  querctfolia^  hhthynra 
anachoreta  and  anastomosis^  Saturnia  pyri^  Aglia  tau). 

3.  The  pupal  type  (since  it  first  occurs  in  the  pupa  state),  with  a  single  testis, 
which  possesses  an  external  median  lace-like  covering.    (Adela,  Lycsena.) 

4.  The  imaginal  type,  with  a  single  testis  enveloped  by  a  lace-like  scrotam, 
within  which  the  follicles  are  wound  around  the  longitudinal  axis  of  the  testi& 
(Most  Lepidoptera.) 

In  Nematois  there  are  twenty  seminal  follicles,  the  number  of  ovarian  tubes 
being  the  same.    (Cholodkowsky.) 

In  many  insects  the  testes  are  not  composed  of  tubes  (follicles),  but  of  button- 
like  bodies,  each  of  which  has  its  own  duct. 

The  color  of  the  testes  is  usually  white,  but  they  may  be  orange  (I)ecticas), 
yellowish  green  {Locusta  viridissimn) ^  or  deep  yellow  (Chrysopa). 

The  testes  of  Asilid  flies  are  enveloped  by  a  common  dark-red  membrane 
rich  in  tracheae,  like  that  in  Lepidoptera  which  clothes  the  separate  testicular 
follicles.  The  two  testes  of  Calliphora  are  enveloped  by  an  orange-yellow  cap- 
sule, outside  of  which  is  a  special  membrane  formed  by  the  fat-body.  (Cholod- 
kowsky. ) 

In  the  honey-bee  the  testis  has  two  envelopes,  the  outer  of  which  is  formed 
by  the  fat-body,  the  inner  coat  of  connective  tissue.  The  entire  testis  corre- 
sponds to  a  portion  only  of  that  of  Bomhyx  mori. 


The  seminal  ducts.  —  The  vasa  deferentia  are  fine  tubes,  which  varr 
much  in  length ;  being  short  in  many  beetles  and  locusts,  very  short 
in  many  Diptera  (Syrphidee,  etc.),  very  long  in  Cicada  and  many 
beetles  ;  according  to  Burraeister,  being  in  Dyticus 
about  five  times,  in  Necrophorus  and  Blaps  eight  to 
ten  times,  in  Cicada  14  times,  in  Cetonia  aurata  30 
times,  as  long  as  the  body.     They  either  resemble 

a  skein  of  silk,  or  form  a 

tangled  mass. 

The    distal   or   lower 

end   of  the   vasa  is  in 

many     insects     dilated 

into   a  sac   or    seminal 

Fio.    46S.  -  Male    organs   of  a    vesiclc,  which  SCFVeS  fOF    gmns  of  Toiiil^Jl*^^ 
/>L,  vas  deferens;  I),  ullmo   gland;    1^"©    reCCptlOn    aUU    StOF-    468. —This    and     >V. 

tof V  dnct."*^  '''''^' '  ""^^^  '■'*'"^'  a^e  of  the  seminal  fluid  ^,^  ^"""^"^^  ^^ 

after  it  passes  through 
the  vasa  deferentia.  In  the  honey-bee  the  vas  deferens  is  given  oif 
from  the  reservoir,  forms  loops  in  and  outside  of  the  testis,  and 
passes  to  the  seminal  vesicle.  The  canal  into  which  the  vesicle 
narrows  does  not  open  into  the  ductus  ejaculatorius,  but  into  the 
glandulae  mucosw;  its  epithelial  cells  are  much  vacuolated,  aiui 
have,  therefore,  a  spongy  appearance.     (Koschewnikoff.) 
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The  ejaculatory  dact  during  coition  conducts  the  sperm 
into  the  copulatory  pouch  of  the  female.  In  conse- 
quence of  the  stretching  of  the  integumental  membrane 
the  end  of  the  duct  can  be  erected  and  again  withdrawn. 
For  this  purpose  the  end  of  the  duct  is  thickened  and 
is  said  to  be  provided  with  powerful  muscles.  The 
evaginable  terminal  portion  is  covered  by  a  strong  chiti- 
nous  membrane  forming  the  penis  or  intromittent  organ 
(Fig.  462,  /i),  which  is  externally  enveloped  by  a  pair  of 
chitinous  lobes,  which  in  many  beetles  are  converted  into 
a  capsule.  The  ductus  ejaculatorius  of  the  honey-bee  is 
inserted  by  two  chitinous  branches  into  the  point  of 
union  of  the  two  glandulae  mucosae;  it  and  the  entire 
copulatory  apparatus  are  devoid  of  muscles,  though  it  is, 
however,  well  developed  beneath  the  mucous  glands. 
(Koschewnikoff.) 

The  accessory  glands  of  the  vasa  deferentia  are  tubes 
whose  secretions  either  directly  mix  with  the  semen, 
or  in  many  cases  form  seminal  packets  (spermatophorea). 
In  Coleoptera,  Lepidoptera,  and  Diptera  there  is  usually 
one  pair.  In  many  insects  there  are  several  pairs,  as  in 
Hydrophilidse  and  Elateridae;  they  are  branched  in 
Hemiptera,  and  in  Orthoptera  bushy.  The  single 
glandular  tubules  are  very  long,  and  form  a  skein- 
like mass.  In  Orthoptera,  in  the  larger  number 
of  accessory  glands,  two  forms  may  be  distin- 
guished, which  differ  from  each  other  in  their 
contents  (Siebold).  In  the  cockroach  (Fig.  461) 
these  glands  form  the  "  mushroom  "  shaped  gland 
of  Huxley,  which  was  at  first  regarded  as  the 
testis. 

The  spermatozoa.  —  These  very  minute  bodies, 
the  sexual  homologues  of  the  eggs,  abound  in  the 
seminal  fluid,  and  are  formed  in  the  follicles  of  the 
testes  from  a  germinal  layer  or  epithelium,  as  are 
the  eggs.     They  are  hair-  or  thread-like,  usually 
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Fio.  470.  —  A,  sper- 


matazoon  of  a  boptlo  vCo- 

consisting  of  a  head,  a  body  or  middle-piece,  and  ?,^ow  S?n,c*;„T«f  fl^iJl- 

a  long,  thread-like  tail  (flagellum),  which  vibrates  i^/p^niny  ""Sbr?'^*? V* 

rapidly,  causing  the  spermatozo5n  to  move  actively  *'^^  .*«"°nucieus"^Ti'''r 

forwards  (Fig.  470).  ;'p'<»^  *>V*>'  ^"''^^'^**l  (;*'' 

^      ^  /  two  parts.     B,  anterior 

part  of  that  of  Calathus, 

In  beetles,  according  to  Ballowitz,  there  are  two  main    ^'t'^  hwhoU  head  and  fln- 

,  '  "^  ..^  ..  J..       membrane. —After  Bal- 

types  of  spermatozoa,  connected,  nowever,  by  intermediate    io\*iu,  fh)m  wiison. 
2k 
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forms.  There  is  a  double-taiiwi  type,  alraiidy  described  by  Blitachli  and  '.  I» 
Valette  St.  George,  and  there  are  others  which  are  single- tailed.  Btltachli 
showed  that  in  the  double  spermatozoon  one  tail-filament  is  straight  and  stiff. 
the  other  being  undulating  and  contractile.  Ballonilz  describes  this  type  ta 
Calathus  (Fig.  470,  ii),  Chrysometa,  and  llylobiua,  etc.,  and  shows  that  tite 
straight  or  supporting  portion  of  the  tail  is  elastic,  but  somewhat  stiff,  resistant 
to  reagents,  and  witliout  any  fibrillar  structure,  while  the  contractile  frin^ 
consists  of  an  extremely  complicated  system  of  fibrils  (Fig.  470).  The  sinjfle- 
tailed  type  of  spenuatozoOn,  as  seen,  e.g..  In  Melolontba  acid  Hydrophilus,  hu 
no  supporting  fibres.  The  tail  is  twis(«d  in  a  spiral,  corresponds  to  the  con- 
tractile fringe  of  the  double  type,  and  exhibits  a  complicated  fibrillar  stnicturF. 
The  fringed  type  works  its  way  ahead  like  the  screw  of  a  steamer. 

Each  spertiiatozoon  is  a  modified  but  complete  cell,  and  the  nucleiu 
contains  the  chromatin,  a  deeply  staining  substance  of  the  nuclear 
^  ^  network  and  of  tlie  chromosomes 

and  tile  supposed  bearer  of  heredity. 
Fonnation  of  the  apentutoiooa.  — 
It  arises  from  a  primordial  germ- 
oell  called  spermatogoninni.  This 
cell  contains  a  large,  pale  luicleus 
and  a  dark  body,  the  accessory  nu- 
cleus of  Kutschli.  The  si>eriuat(t- 
goiiia  subdivide,  l)ut  at  a  certain 
period  pause  iu  their  subdtvi.siuns. 
and  undergo  considerable  growlb. 
'*  Each  spermatogonium  is  thus 
converted  into  a  yteniitttociitf. 
which,  by  two  rajiidly  succeed iiii; 
divisions  gives  rise  to  four  sjierraa- 
tozoa,  as  follows:  The  i>rimary 
spermatocyte  first  divides  to  form 
two  daughter-cells,  known  as  sper- 
of/moth(Ky«'™"."'Ar"u™«iwru»"o"i;l^r!u  matocytes  of  the  second  order, 
Kme;  '^°r'«iAdi^^^'^^'«r''i«iLm\naT'T.  ^^  sjierin  mother-cells.  Each  of 
nuri*u«^;^/(,^miriBU«^  *^_«ni^i«i>e«fthu  these  divides  again  —  as  a  rule 
without  pausing,  and  without  iht 
i-econstructioii  of  the  daughter-nuclei  —  to  form  two  tpermiUid*  or 
s[)erm-ceI1s.  Each  of  the  four  spermatids  is  then  directly  trans- 
formed into  a  single  spermatozoon  ;  its  nucleus  becoming  very  small 
and  compact,  its  cytoplasm  giving  rise  to  the  tail  and  to  i-ertain 
other  structui'es.  ...  As  the  spermatid  develops  into  the  spermato- 
zoon, it  assumes  an  elongated  form,  the  nucleus  lying  at  one  end. 
while  the  cytoplasm  is  drawn  out  to  form  the  flagellum  at  the  oppo- 
site end."     (Wilson's  The  Cell,  from  La  Valette  SL  George,) 
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Henking  finds  that  the  primordial  sperm-cells  correspond  to  the 
primordial  ova,  both  forms  of  cells  in  the  insect  he  studied  contain- 
ing the  characteristic  number  of  twenty-four  chromosomes. 

The  spermatogenesis  of  Laphria,  according  to  Cholodkowsky,  is  very  peculiar, 
and  strongly  resembles  that  described  by  Verson  in  Bombyx  mori.  In  the 
blind  end  of  the  testicular  tubes  lies  a  colossal  cell  visible  to  the  naked  eye,  the 
spermatogone,  from  which  the  entire  contents  of  the  testes  originate.  In  Bom- 
byx this  spermatogone  appears  in  the  larva  state.  Such  colossal  spermatogones 
also  occur  in  Lepidoptera  of  different  families  (Hyponomeuta,  Vanessa,  and  in 
the  pupa  of  Chareas  graminis)^  in  Trichoptera,  and  in  Hemiptera  (Syromastes) ; 
and  Cholodkowsky  inquires  whether  they  may  not  be  typical  of  insects.  Toyama 
has  observed  these  colossal  cells  not  only  in  the  testes  but  also  in  the  ovaries  of 
the  silkworm.     He  regards  them  as  supporting  cells. 

The  spermatozoa  are  inclined  to  remain  in  bundles,  and  in  this 
state  are  expelled  during  copulation.  These  bundles  are  either  root- 
like, bushy,  string-like,  sinuous,  or  worm-like. 

Auerbach  has  observed  the  spermatozoa  of  Dyticus  marginalis  in  their  passage 
through  the  convoluted  seminal  vesicles.  All  those  arising  from  one  testicular 
tube  are  united  in  a  bundle.  Each  has  a  very  complex  structure,  bilateral  but 
unsymmetrical.  The  right  side  of  the  head  is  concave,  the  left  convex  ;  the 
whole  head  is  longitudinally  curved  to  right  or  left ;  and  on  the  posterior  half  of 
the  right  side  there  is  a  projecting  ridge  bearing  a  hook-shaped  cyanophilous 
**  anchor,"  at  the  free  end  of  which  an  erythrophilous  spherule  appears.  The 
most  remarkable  fact  is  that  the  spermatozoa  unite  in  pairs  in  a  perfectly  definite 
way,  opposed  and  crossed  in  a  manner  somewhat  suggestive  of  a  pair  of  scissors, 
with  the  right  sides  of  the  heads  in  contact.  During  this  conjugation,  or  '*  deju- 
gation "  as  Auerbach  calls  it,  the  anchors  change  their  shape,  and  the  little 
spherules  are  lost.  Hundreds  of  these  double  spermatozoa  are  found  together  in 
little  balls.  The  conjugation  is  a  temporary  one,  but  it  may  permit  a  molecular 
exchange  of  substance,  perhaps  with  the  result  of  mixing  the  hereditary  qualities 
and  limiting  variability.     (Journ.  lioy.  Micr.  Soc,  1893,  p.  622.) 

In  many  insects  which  lack  a  true  penis,  the  bundle  of  spermatozoa 
are  united  in  the  ejaculatory  duct,  forming  packets  which  are  en- 
veloped by  the  secretion  of  the  accessory  glands  which  stiffens  into 
a  hard  case.  These  packets  are  called  spermatox)hores.  They  are 
either  introduced  into  the  vagina  of  the  female  or  simply  remain  out- 
side. Graber  has  repeatedly  observed  that  the  male  crickets,  in  the 
absence  of  the  female,  let  their  spermatophores  fall  to  the  earth ; 
whether  it  is  afterwards  made  available  is  not  known,  because 
hitherto  no  case  is  reported  that  females  seeking  impregnation 
search,  as  in  the  case  of  the  Isopod  crustacean,  Porcellio,  for  the 
spermatophores. 

In  the  Gryllidse  and  Locustidse  the  spermatophore  lies  in  a  cup-like  cavity 
under  the  penis.  This  is  called  the  "spermatophore  cup"  (Chadima,  1871), 
into  which  the  ejaculatory  duct  of  the  testis  opens. 
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According  to  the  views  of  Schneider,  the  spermatophores,  wiih  tlieir  uapeule, 
usually  consist  solely  of  seminal  filaments,  which  stick  closely  to  each  other, 
and  only  exceptiontiJIy  have  a  capsule  formed  by  a  glandular  secretion.  In 
Locuata,  however,  and  perhaps  also  in  Gryllus,  the  Bperm  is  enveloped  by  th« 
secretion  of  the  accessory  gUuds  of  tlie  seniinal  ducts  ;  the  apemiatoiiliorw 
pass,  still  fluid,  out  of  thf  sexual  opening  of  the  male  into  that  of  the  female, 
but  become  chilled  on  the  outer  surface,  so  that  the  sperm,  without  coming  in 
contact  with  the  air,  passes  into  tlie  receptaculum  semlnis. 

The  mode  of  grouping  of  the  spermatozoa  of  the  Locustidie  as  they  occur  in 
the  spermatheca  of  the  female  is  remarkable.  Their  heads  lie  so  close  to  e*ch 
other  that  they  form  a  long  shaft,  while  the  immerous  threads  are  arranged  si)  as 
to  look  like  the  two  vanes  of  a  feather,  the  entire  mass  being  like  a.  very  long 
heron's  feather,     (Siebold.) 

In  the  honey-bee  the  spermatophore  Ik  likewise  enveloped  by  the  secretion  <4 
the  accessory  glands,  nnd  thereby  becomes  a  sort  of  seminal  cartridge.  This  ia  a 
peculiar  ovid  body  which  Is  carried  during  the  marriage-flight  into  the  air  within 
the  upper  part  of  the  penis,  the  so-called  |>enie-bulb.    (Leucluut.} 


.  TtM  Ismale  organa  of  nprodacUon 


The  different  parts  of  tli 
following : 

1.  The  two  ovaries. 

2.  The  two  oviducts. 

3.  The  coniiuou  < 


female  reproductive  organs  are   the 


nearly  all  insects  (its  distal  or 
hitidennoat  part  forming  the  litems 
or  vagina). 

4.  The  receptaculum  seminis.  or 
sj>ennatheca. 

i>.  The  bursa  copulatrix,  or  copula- 
te ry  iioucli. 

6.  The  acce.isory  glands  (cement, 
sobific.  or  colleterial  glands,  or  *•  oil 
glandulie  selaceiv.    itde- 


terii 


m). 


The  ovaries  and  the  orarUn  tnbe«. 
—  As  in  the  testes,  so  each  ovarv 
consists  of  a  variable  number  of 
ovarian  tubes,  by  some  called  firnri- 
oles,  united  by  a  thread  at  the  dist&l 
end,  and  at  the  lower  or  hinder 
end  ojieiiing  into  the  oviduct.  Kai-h 
ovarian  or  egg  tube  is  divided  int»» 
three  sections:  (1)  the  termituU 
thread;    (2)  the  terminal   ehaniber. 
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aiid  (3)  the  actual  ovarian  tube,  or  chambered  main  division,  this 
forming  the  longest  part  of  the  egg-tube. 

The  slender  t«nninal  thread  serves  to  attach  or  suspend  each  egg- 
tiibe  near  the  dorsal  vessel  (not  directly  to  the  heart,  as  formerly 
supposed),  becoming  lost  in  the  fat-body. 

The  terminal  chamber  contains  uudiiferentiated  cell  elements,  sup- 
posed to  be  the  remains  of  the  ovarian  rudiments.  From  these  arise 
{either  in  the  embryo  or  larva)  first,  the  follicle  epithelium  of  the 
ovarian  tubes;  and,  second,  the  material  for  the  ^ 

formation  of  the  new  eggs,  and  uutiitive  cells. 
"  In  the  terminal  chamber  these  cell-elements  re- 
main undifferentiated,  excepting  when  required  for 
the  removal  of  the  follicle  epithelium,  e^a,  and 
nutritive  cells  in  the  adult  insect"  (Lang.)  This 
portion  of  the  ovariole  is  called  the  germariiim.  In 
Blatta  it  is  filled  with  protoplasm  in  which  nu- 
merous small  nuclei  are  imbedded.  (Wheeler.) 
The  chambered  main  division  of  the  egg-tube 
contains  the  ripening  eggs,  one  in  each  compart- 
ment, the  tube  appearing  like  a  string  of  beads. 

The  egg-tubes  are  of  two  types :  (1)  those  with-  b 

out,  and  (2)  those  with  nutritive  cells,  the  first 
kind  being  the  simplest,  and  occtirring  in  the 
Synaptera  (except  (!ampodea)  and  in  Orthoptera. 
As  an  example  may  be  cited  that  of  the  cockroach 
(Fig,  473),  where  in  each  tuVie  there  is  a  simple 
continnous  row  of  eggs  from  the  terminal  cham- 
ber to  the  oviduct.  The  tube  being  constricted 
between  these  consecutive  eggs,  gives  it  a  beaded 
appearance.  fio.  4;s.  —  orirUii 

"^  lllbe  of  p.  orlmlalU: 

In  the  cockroach  (Periplaneta  vrieulalls)  each  egg-tube  m^llif*  b  wcuon'low'or 
baa  a,  beaded  appearance.  Its  wall  consists  of  a  trans-  diiun :  f<:  ritg-eeWf  in 
parent  elastic  membrane,  lined  by  epitlielium,  with  an  Brenili""'  ~ 
external  peritoneal  layer  of  connective  tisEue.  The  ter- 
minal filament  (f/)  is  filled  with  a  clear  protoplasm,  with  a  few  nuclei.  In 
the  terminal  chamber  (ic)  are  large  nucleated  cells,  wltli  separate  nuclei, 
both  entangled  in  a  network  of  protoplasm.  In  the  tliird,  or  eg^-cbamber 
(ee),  are  about  twenty  ripening  eggs,  arranged  in  a  single  row.  "Between 
and  around  the  eggs  the  nuclei  gradually  arrange  themselves  into  one-lnyered 
follicles,  which  are  attached,  not  to  the  wall  of  the  tubes,  but  to  the  eggs,  and 
travel  downwards  with  them.  As  the  eggs  descend,  the  yolk  which  they  contain 
increases  rapidly,  and  the  genninal  vesicle  and  spot  (nucleus  and  nucleolus), 
which  were  at  flrst  pl^n,  disappear.  A  vitelline  membrane  is  secreted  by  the 
inner  surface  and  a  chltlnous  chorion  by  the  outer  surface  of  the  egg-follicle. 
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**The  lowest  egg  in  an  ovarian  tube  is  nearly  or  altogether  of  the  full  size; 
it  is  of  elongate-oval  figure,  and  slightly  curved,  the  convexity  being  turned 
towards  the  uterus.  It  is  filled  with  a  clear  albuminous  fluid,  which  mainly 
consists  of  yolk.  The  chorion  now  forms  a  transparent  yellowish  capsule,  which, 
under  the  microscope,  appears  to  be  divided  up  into  very  many  polygonal  areas, 
defined  by  rows  of  fine  dots.  These  areas  probably  correspond  to  as  many 
follicular  cells. ^'     (Brandt,  from  Miall  and  Denny.) 

In  the  second  type,  i.e.  those  egg-tubes  with  nutritive  cells,  there  are  two 
kinds.  In  the  first  the  egg-chambers  and  yolk-  or  nutritive  chambers  alternate, 
each  of  the  latter  containing  one  or  more  nutritive  cells,  which  serve  for 
the  nourishment  of  the  ripening  egg  contained  in  the  neighboring  chamber. 
**The  egg-  and  yolk-chambers  may  be  distinctly  separated  externally  by  con- 
strictions (Hymenoptera  and  many  Coleoptera),  or  one  nutritive  and  one 
egg-ciiamber  may  lie  in  each  section  of  the  ovarian  tube,  which  is  exter- 
nally visible  as  a  swelling  (Lepidoptera,  Diptera)." 

In  the  second  kind  with  nutritive  cells,  the  actual  tube  consists  (Fig.  474,  C) 
of  ovarian  chambers  only ;  the  nutritive  cells  here  remain  massed  together  in 
the  large  terminal  chamber.  The  single  egg  in  the  tube  is  united  witli  the 
terminal  chamber  by  connective  strands  (d,  ».),  which  convey  the  nutritive 
material  to  the  eggs.     (Lang.) 

Egg-cells,  nutritive  cells,  and  the  cells  of  the  follicle-epithelium  (epithelium  of 
the  chambers  of  the  ovarian  tubes)  are,  says  Lang,  according  to  their  origiu, 
similar  elements,  like  the  egg  and  yolk-cells  of  the  flat  worms  (Platodes);  divi- 
sion of  labor  leads  to  their  later  differentiation.  Only  a  few  of  the  numerous 
egg-germs  develop  into  eggs,  the  rest  serving  as  envelopes  and  as  food  for  these  few. 

Korschelt  considers  that  all  the  chief  elements  of  the  egg-tubes,  viz.  egg, 
nutritive,  and  epithelial  cells,  arise  by  a  direct  transformation  of  the  elements  of 
the  terminal  chamber,  and  that  the  last  may  be  traced  to  the  indifferent  elements 
of  the  terminal  thread,  the  elements  in  question  originating  from  the  nuclear 
elements  by  a  breaking  down  of  the  syncytium  (or  masses  of  protoplasm  with 
nuclei  scattered  through  it)  composing  it  (Fig.  476). 

The  latest  work  is  that  of  Wielowiejski  (Zoologische  Anzeiger,  ix,  1886,  p. 
132),  whose  observations  are  based  on  a  study  of  the  ovarian  tubes  and  the  grow- 
ing eggs  of  the  Hemiptera  (Pyrrhocoris),  the  Coleoptera  (Telephorus,  Saperda, 
Cetonia  and  Melolontha,  Carabidae,  and  Hydradephaga),  etc. 

Wielowiejski  divides  the  ovaries  of  insects  into  three  groups :  — 

1.  Comprising  such  ovaries  in  the  ends  of  whose  egg-tubes  (tenninal  filament 'i 
the  embryonal  cells  in  the  early  stages  are  accunmlated,  and  are  transformed 
into  egg-,  yolk-,  and  epithelial  cells  respectively.  (Ovaries  of  Orthoptera.  g%»o- 
dephagous  and  hydradephagous  Coleoptera,  Lepidoptera,  Diptera,  and  liymen* 
optera). 

2.  Comprising  ovaries  whose  ends  above  the  egg-cells  and  egg-germs  ( Eian- 
lage.n)  possess  throughout  life  a  more  or  less  voluminous  solid  accumulation  of 
cells  (terminal  chamber),  but  which  stand  in  no  close* relation  with  the  first. 


Fig.  474.  —  Various  tyiM*»  of  ovarian  tubeei,  diaffranimatic  :  A^  ovarian  tube  without  nutiitiTv 
cells.  B,  efr^-tube  with  alternatinfr  nutritive  and  ep^-coniiuirtinenta.  (\  ovariau  tnbes  in  wltlcb 
the  terminal  chamber  Kek)  Ih  developo<l  into  a  nutritive  chamber,  with  which  the  devHvmsc 
e^fTs  remain  connecte<I  by  means  of  threads  (dtt) ;  <•/,  tenninal  fliaments;  tfa.  egyr  eoini«rtni«fQi»  at 
chambers :  ./V,  follicle  epithelium  ;  <lf,  yolk-chambers.  —  After  I^nfr  (Tflpom  Claus). 

Fio.  4T5.  —  Tpner  portion  of  the  ovary  in   Forflcula,  showing  eifjrs  and  nnrse-celU ;  Wlov    « 

Kortion  of  the  nearly  ripe  ejrp  {f)  showing  deutoplasm-spheres  and  g-ennlnal  veMcle  Kgr\^     Abur«^  h 
es  the  nurse-cell  (w>.  with  its  enormous  branching  nucleus.    Two  aoceessively  youDfrcr  staev'*  ^ 
egg  and  nurse-cell  are  shown  above.  —  After  Korschelt.  from  Wilson.  *  ~    " 

Fio.  476. —  .4,  ovarian  ^^  of  a  butterfly  (Vanes.Ha),  surrounded  by  Its  follicle:  above  ai«  tb# 
nurse-cells  («  c),  with  branching  nuclei ;  g.r,  genninal  vesicle.  B^  egg  of  Dytlcua,  Uvinif  ;  xht  e«c 
(o.r.)  lies  between  two  groups  of  nutritive  cells ;  the  genninal  vesicle  sends  amwboid  pix>ce»ihe>»  tsto 
the  dark  mass  of  food -granules.  —  After  Korschelt,  from  Wilson. 
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(Ovaries  of  Coleoptera,  with  the  exception  of  the  Geodephaga  and  Hydra- 
dephaga,  and  Aphidse  in  part. ) 

3.  Comprising  ovaries  whose  ends  above  the  egg-germs  contain  a  well-devel- 
oped mass  of  cells  functioning  as  a  yolk-forming  organ,  between  whose  special 
elements  grow  root-like 
offshoots  of  nearly  ripe 
egg-cells.     (  Hemiptera. ) 

When  the  q%^  is  ripe 
the  food-chamber  dis- 
appears because  its 
contents  have  served 
for  the  formation  of 
the  egg  below  it.  In 
Lepidoptera  especially, 
the  egg-tubes  resemble 
strings  of  pearls  be- 
cause most  of  the  nu- 
merous eggs  ripen 
simultaneously  and  are 
likewise  deposited  at 
the  same  period,  which 
is  naturally  not  the 
case   in    those  insects 

whose    eggs    gradually  Fio.  477.  — -4,  lower  portion  of  one  of  the  two  ovaries  ol 

/T?'         Af^rr\         T  '^Aiwa? /iVw*^'*'' the  four  ejrg-tube8  unltlnif  to  form  the  ftllffhtly 

ripen     (rig.    4  m).        In  developed  calyx  (r>r).    The  egg-tubes  above  contain  ripe  egga 

-  ,  still  surrounded  by  the  follicle  ;   e.  <*,  the  empty  egg-chatnlMfr. 

other  cases   the  egg-  or  Beyond  the  empty  egg-chambers  (#.  c)  are  three  egg-chambers 

n       1  .A  with  ripe  eggs  and  the  connecting  cord.    The  whole  tube  Is  sur- 

lOOd-COmpartmentS  are  rounded  by  the  peritoneal  membrane  and  musculature.  —  After 

.  n  J     •    i.  u  Korschelt. 

transformed  into  each 

other,  but  only  one  egg-  and  one  food-compartment  can  be  situated 
in  the  same  dilatation  of  the  ovarian  tube.   Finally,  there  are  insects 

in  whose  egg-tubes  the  egg-compartments  are 
arranged  in  a  single  row,  while  the  capacious 
terminal  chamber  contains  a  large  mass  of 
food-cells. 

Egg-cells,  nutritive  cells,  as  well  as  the 
cells  of  the  follicle  epithelium  (epithelium  of 
the  chambers  of  the  ovarian  tubes),  originate 
as  similar  or  homologous  elements,  division  of 
labor  leading  to  their  later  differentiation. 
Only  a  few  of  the  numerous  egg-germs  de- 

Fio.    478.  —  Ovary    of    a         ,         .     .  . ,  .  .  , 

beetle,  drawn  somewhat  dia-  vclop  luto  eggs,  the  rcst  Serving  as  envelopes 
f"suJk*ort^e*  sSine^^cl^egg-  ^^^^1  ^^so  as  food  for  thcsc  fcw.     (Lang.) 
KdrJckeu!"*  ''^^"''*'  "  ^^"       In  many  insects  the  egg-tubes  open  into  an 
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egg-calyx  (Fig.  478,  c),  in  which  the  ripe  eggs  collect  before  passing 
into  the  oviduct  (oy). 

As  the  result  of  his  investigations  on  the  origin  of  the  cellular  elements  of  the 
ovaries  of  insects  Korschelt  concludes :  — 

1.  The  different  cell-elements  of  the  egg-tubes,  eggs,  nutritive  cells,  and 
epithelium  arise  from  identical  undifferentiated  elements  situated  in  the  contents 
of  the  earliest  germ  of  the  egg-tubes. 

2.  The  first  formation  of  the  cellular  elements  present,  and  the  differentiation 
of  the  individual  compartments  of  the  egg-tube,  occur  during  embryonic  and 
larval  life. 

3.  The  undifferentiated  elements  of  the  terminal  chamber  correspond  to  the 
embryonic  condition,  while  in  post-embryonic  time,  and  even  during  imaginal 
life,  a  new  formation  of  the  different  kinds  of  cells  takes  place. 

4.  The  mode  of  origin  of  the  different  kinds  of  cells  from  the  undifferentiated 
elements  varies  greatly  in  different  insects. 

6.  From  their  histological  nature,  and  from  the  mode  of  origin  of  their 
elements,  the  most  complex  egg-tubes  and  those  provided  with  nutritive 
compartments  are  phylogeYietically  derived  from  those  without  such  nutritive 
compartments. 

6.  The  nutritive  cells  in  certain  cases  originate  in  the  same  way  and  at  the 
same  time  as  the  germ-cells,  and  are  therefore  to  be  regarded  as  germ-cells 
which  have  abandoned  the  function  of  egg-making,  and  exchanged  it  for  the 
production  of  nutritive  material. 

7.  In  the  egg-tubes  with  numerous  nutritive  compartments  the  nutritive  cells 
can  originate  at  the  same  place  as  the  egg-cells,  and  they  afterwards  still  lie 
intermingled  with  these  in  the  beginning  or  upper  part  of  the  egg-tubes. 

8.  While  the  capability  of  egg-making  of  the  germ-cells  originally  situated  in 
the  extremity  of  the  terminal  chamber  gradually  becomes  transferred  to  those 
at  the  base  of  the  terminal  chamber,  and  the  first  transform  into  nutritive  cells, 
egg-tubes  with  nutritive  compartments  at  the  base  may  be  found. 

9.  The  nutritive  cells  of  certain  forms  arise  independently  of  the  germ-cells 
and  therefore  could  not  have  previously  originated  from  them. 

10.  The  epithelium  has  in  all  forms  nearly  the  same  mode  of  formation ;  it 
everywhere  shows  a  close  similarity  to  the  undifferentiated  elements  of  the 
terminal  chamber,  out  of  which  it  directly  develops.  As  to  the  fact  of  forma- 
tion of  epithelium  through  the  germ-vesicles  (Keimblaschen)^  nutritive-cell 
nuclei,  or  the  so-called  **  ooblasts,"  I  could  not  feel  certain. 

11.  Neither  the  eggs  of  Hemiptera  or  of  other  insects  arise  through  the 
agency  of  **  ooblasts,"  but  like  the  epithelial  and  nutritive  cells  arise  by  a 
gradual  differentiation  from  the  indifferent  elements  of  the  ovarian  tubes. 

12.  The  different  elements  of  the  egg-tubes,  also  the  eggs,  have  the  morpho- 
logical value  of  cells. 

Origin  of  incipient  eggs  in  the  germ  of  the  testes.  —  Heymons  has  detected  in 
the  germ  of  the  testes  of  the  male  larvae  of  Phyllodromia  germanica  7  mm.  in 
length,  young  or  incipient  eggs,  similar  to  those  seen  in  the  ovarian  tubes  of 
the  female  larva  of  the  same  size.  In  another  male  larva  of  the  same  size  also 
occurred  short  cylindrical  tubes  each  with  a  terminal  thread,  which  had  the 
appearance  of  rudimentary  egg-tubes.  Hence  he  thinks  that  every  part  of  the 
genital  germs  {Anlagen)  in  the  male,  which  are  not  concerned  in  the  formation 
of  testicular  follicles,  represents  the  germ  of  a  female  genital  gland.  As  is  vivU 
known,  no  insects  are  hermaphroditic,  but  this  case  of  the  practical  origin  of 
eggs  and  egg-tubes  in  the  lowest  division  of  the  male  efferent  passage,  which  is 
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homologous  nith  the  egg-producing  diTisiOD  ol  the  fem&le  ovarian  lubee,  points 
back  to  bermitpbrodiiic  anceators.  And  Heymons  auggests  that  the  frequent 
occurrence  of  hermaphnxlitiBm  in  inHecls  probably  conBrma  this  view. 

The  bursa  copulatriz. — The  copulatory  pouch  in  most  insects  is 
a  sijeeial   cu|>-shaped   appendt4je  of    the  vagina  adapted  for  the 
reception  of  the   male  organ  during  sexual  union.     Its  mode  of 
formation    in    the    cock- 
roach   is   thus   described 
by  Haase ;  — 

'■  By  the  retreat  of  the 
female    sexual    aperture,  i 

situated   in  the  8th  vea-  | 

tral  plate,  a  considerable  , 

space,  the  genital  pouch, 
is  produced;  this  is 
formed  chiefly  by  the 
extended  connective  mem- 
brane between  the  elon- 
gated 7th  and  8tli  ventral 
plates.  This  serves  for 
the  development  of  the 
egg-oocoon,  wliieh  is  re- 
tained by  the  internal 
appendages  of  the  pos- 
terior gon  apophyses." 

The  fertilization  of  the 
female  takes  place  once 
for  all  a  long  time  pre- 
vious to  ovijwsition  ;  the  ^,^_  ^^  .^m™™  or  qu«.,.  w.  «„,i„  rid,.  «  s, 
semen  in  the  receptacu- 
lum  seininis  passes  out  as 
the  eggs  slip  down  the 
egg-passage,  and  a  sper-  ni^r/ii/feniio" sorter;  wp.  vmm^  nmoMtea^ 
matozoiin  gains   entrance 

into  the  interior  of  the  egg  through  the  micropyle.  In  fEcanthus, 
according  to  Ayers,  fecundation  probably  takes  place  while  the  egg 
is  |>assing  into  the  vagina,  "since  it  is  hardly  possible  that  the 
male  element  could  gain  access  to  the  follicles  before  the  chorion  is 
secreted." 

In  the  Lepidoptera,  as  has  been  stated,  the  copulatory  pouch  opens 
separately  from  the  opening  of  the  oviduct  (vagina),  but  a  slender 
canal  connects  the  pouch  with  the  vagina  (Fig.  310,  be).    The  outlet 
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("  vagina  "  of  Burgess)  of  the  copulatory  pouch  opens  between  th* 
7th  and  8th  segments,  that  of  the  oviduct  (v^iia)  on  the  9th  seg- 
ment being  "  situated  immediately  below  the  anus  and  hardly  sepa- 
rated from  it,  between  the  lappets  of  the 
9th  segment."    (Burgess.)    The  opening  of 
the  copulatory  pouch  is,  as  we  have  seen,  ihe 
'  genuine  or  primitive  sexual  opening. 

The  spemutheca.  —  This  is  a  sac  or  pouch 
for  the  reception  and  storage  or  preserva- 
tion of  the  semen.     While  in  most  of  the 
higher  insects  it  opens  into  the  dorsal  wall 
of  the  vagina  (Fig.  472,/),  in  the  cockroath, 
locusts,  and  grasshoppers  it  opens  into  the 
Fia.  wi.  —  SpermMhec*  of  bursa;  but  in  other   European  Orthoptera. 
>ii«ce°fli^  bf«"er«r  "fluid":  'I',   as  ill  most  insccts,  it  lies  upon  the  dorsal 
!",*"  K^i vet™™^'™.'— Aiier  Wall  of  the  vagina.    (Berlese.)    In  the  cwk- 
(.iieBWre.  roach,  it  is  a  short  tube  dilated  at  the  end 

and  wound  into  a  spiral  of  about  one  turn.     "  From  the  tube  a 
cffieal  process  is  given  off,  which  may  correspond  with  the  accessorv 
gland  attached  to  the  duct  of  the  spermatheca  in  many  insects  [f-'.i- 
Coleoptera,  Hymenoptera,  and  some  Lepidoptera).    The  spermatheca 
is  filled  during  copulation,  and  is  always  fonnd 
to  contain  spermatozoa  in  the  fertile  female. 
The  spermatozoa  are  no  doubt  passed  into  the 
genital  (Kiiirh    from    time    to  time,  and   there 
fertilize  the  eggs  descending  from  the  ovarian 
tubes."      In  lleloS  the  spermatheca  is  exceed- 
ingly larfee.     (Mlall  and  Denny,  pp.  170, 171.) 
The    colleterial    glands.  —  We   have    already 
bi'iefly  refeiTcd  to  these  glands.     Those  of  the 
cockroaches    form    a    number    of    long    blind 
tnl«'s  opening  into  the  vagina.     They  furuish 
t!ie    material    for   the  egg-capsule  or  ootheca, 
viz.   chitin    and   large   crystals   of   oxalate   of       FiD.4t.i.— Fcm«ie»™i 

lime.  t.abet;pBL.fmirria\'A<Kf. 

ST,  «parai.th««:  Br.Mps- 
tatorv  |H>ufti ;  AV>.  mnm 
In  PA^n')(fr()iiii'a[/.'i-niniii'ea"lliese  glands  are  glisten-  eL«nd>;  .%*,  vurtiH. —itbr 
ins  wliite  lill  the  time  of  oviposition  approsclies,  wlien  rjiJi'h^' '™"  Jud»>f»" 
tliey  BiHume  a  yelluw  tint,  and  the  octahedral  crys- 
tals are  seen  imbedded  in  a  viscid  substance  which  fllls  their  lumiua.  This 
vise-id  substance  is  soluble  in  potassiinn  hydrate,  and  ia  consequently  uol  cbiiin. 
When  excreted  to  form  the  oStheca,  it  slowly  hardens,  deepens  in  color,  aixl 
becomes  insoluble  in  potaaiium  hydrate.  I.iglit  lias  nothing  to  do  with  tbH 
change,  which  is  possibly  produced  by  the  oxygen  in  tiie  air.     It  is  the  mnt 
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change  which  is  undergone  by  the  cuticala  of  the  insect  itself  immediately  after 
ecdysis."     (Wheeler.) 

The  vagina  or  uterus.  —  This  is  simply  the  end  of  the  common 
oviduct,  which,  when  dilated,  is  called  the  vagina,  and,  in  the  piipi- 
parous  forms,  the  uterus. 

In  the  cockroach  the  vagina  opens  by  a  median  vertical  slit 
situated  in  the  8th  sternite,  into  the  genital  pouch  or  bursa,  upon 
the  dorsal  wall  of  which  the  orifice  of  the  spermatheca  is  situated. 
In  the  sheep-tick  the  oviduct  is  enlarged  to  form  the  so-called 
uterus,  which  furnishes  a  milk-like  secretion  for  the  nourishment 
of  the  larva  during  its  intra-uterine  life. 

In  insects  in  general,  the  external  opening  of  the  vagina  is  simple, 
the  chitinous  structures  (valves)  at  the  opening  being  adapted  to 
receive  the  male  intromittent  organ. 

AVhen  the  eggs  are  to  be  deposited  deep  below  the  surface  of  the 
earth,  or  in  wood,  or  in  wood-boring  larvae,  or  in  the  body  of  cater- 
pillars, etc.,  they  are  inserted  by  the  ovipositor  (see  p.  167). 

Signs  of  copulation  in  insects.  —  Leydig  has  collected,  partly  from  his  own 
observations  and  partly  from  those  of  others,  a  number  of  cases  in  which  female 
insects  bear  traces  of  having  had  sexual  union,  in  the  form  of  tags  or  plates 
attached  to  the  body,  and  apparently  formed  from  material  secreted  by  the 
male.  Such  probably  is  the  ** pouch"  on  the  abdomen  of  Parnassius  apollo, 
and  a  somewhat  similar  structure  in  Fulgora  laternaria^  and  such  is  the  plate 
which  is  found  on  the  hinder  part  of  the  abdomen  of  Dyticus  latissimus  and 
D.  marginalis.  Leydig  compares  these  structures  with  the  white  plate  in 
Astacus  fluviatiliSy  and  with  the  little  white  lid  on  the  spider  Argenna,  and  finds 
analogues  among  vertebrates.  (Arbeit.  Zool.  Zoot.  Inst.  Wttrzburg,  x,  1801, 
pp.  37-56,  2  Figs.) 
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EXD    OF   PART   I 


PART  II.— EMBRYOLOGY  OF  INSECTS 


a.  Tha  «gf 

Insects  as  a  rule  aiise  from  eggs  which  are  laid  iii  a  great 
variety  of  situations,  those  species  which  are  viviparous  being 
exceedingly  few  in  mimber  compared  with  the  class  as  a  whole.  It 
is  noteworthy  that  Leydig  has  found  in  the  same  Aphis,  and  even  in 
the    same    ovary,  an  C  B  A 

egg-tube  producing 
eggs,  while  a  neigh- 
boring tube  was  jiro- 
ducing  viviparous 
individuals.'  The 
viviparous  species  are 
confined  to  certain 
May-flies,  the  Aphi- 
die,  Diptera  (Har- 
cophaga,  Tachinidte, 
(Kstridie,  and  Pupi- 
para),  and  to  certain 
Coleoptera  (Stylo- 
pidie  and  some  Sta-  , 
phylinidie).  ' 

The  number  of  eggs  laid  varies  froin  a  very  few,  as  in  the  Collem- 
bola  and  in  the  Psocidfe,  or  lo  or  even  less  in  certain  fossorial  wasps, 
and  from  20  to  35  in  some  locusts  to  many  thousands  in  the  social 
insects,  the  honey-bee  laying  by  estimate  over  1,000,000  eg^'s  in  the 
course  of  her  life.  Dr.  Sharp  thinks  that  from  .W  to  100  may  perhaps 
be  taken  as  an  average  nnmber  for  one  female  to  produce.  The  eggs 
of  insects  with  a  complete  metamorphosis  are  said  by  Braiier  to  be 
smaller  in  proportion  to  the  parent  than  those  laid  by  ametabolous 
or  heterometabolous  insects.  In  this  respect  the  insects  are  par- 
alleled by  the  birils,  the  highest  forms  laying  smaller  eggs  than  the 
water  birds,  ostrich,  Apteryx,  etc. 
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The  egg,  or  ovum,  when  laid  is  not  always  ripe  or  perfect,  but,  as 
n  those  of  ants,  continues  to  grow  after  oviposition.     Others  are  laid 
some  tiuie  after  the  embryo  has  begun 
to  form ;  and  in  the  flesh-flies  the  larva 
batches  before  the  egg  is  deposited. 
0  Insects  as  a  rule  instinctively  lay  their 

f-rr^^  ^SK^  <^^^r  ^^  upon  objects  destined  to  be 

I   3n?  the  food  of    the  larva;    those    of  oatei- 

X^y  pillavs  on  leaves,  those  of  many  flies  on 

meat    or    carrion,   those    of    Copris  and 
other    dung-beetles    in    dung,    those   uf 
aquatic    insects    in    water,   while  many 
oviposit  in  the  earth  or  in  plants  (Fig. 
482),  or  in  the  bodies  of  animals  destiueJ 
to  be    the  hosis  of  the    parasitic  larv*. 
Fio,  ids.  —  Eeifs  I't  "f  Hydrn.    As  the  eggs  are  preyed  upon  by  mites  and 
•hwh  iheisrvn,  fib. 4IW,  hiMhwi.  —    otlipr  auimals,  the  contrivances  and  molli- 
fications of  the  mode  of  egg-laying,  and 
^he  situations  in  which  they  are  placed,  are  almost  endless.      MaiLv 
nsects  lay  their  eggs  in  a  mass,  covered  with  a  gummy  substauee: 
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Fiii,  i'4.  -  Ere  mi"'"  nt  rhlmnomui! :  A,  siring  n(  rggt  of  ''.  rfni-«'(«,  llliMwl  .  . 
■  iiK  i./.l,    J/.  wK-niMss  of  a  ililrd  jpecles.    H,  pari  uf  I>,  more  h^fe'  mignilM.    F,  d«ri- 


STALKED  EGGS 
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or  those  laid  in  the  water,  as  the  eggs  of  dragon-flies,  caddis-flies, 
Chironomus  (Fig.  484),  etc.,  are  enveloped  by  a  jelly-like  mass. 

The  ootheca  of  the  cockroach  (Fig.  485)  is  a  solid,  dense  case,  which, 
after  being  carried  about  by  the  mother,  can  be  left  without  harm  in 
the  crevices  of  the  floors  of  houses.  c 

The  ootheca  of  Mantis  (Fig.  486)  is 
formed  by  a  large  mass  of  frothy 
matter,  which  hardens  and  is  at- 
tached to  stems  of  plants. 


Fig.  4S5.  —  Eg}?capsule  of  Periplaneta 
americana  :  a,  side ;  h,  end  view ;  c,  natural 
size. —After  Howard  and  Marlatt,  Bull.  4, 
Div.  Ent.  r.  S.  Dejit.  Agr. 


On  the  other  hand,  the  female  **  walk- 
ing-stick" {Diapheromera  femoratum) 
drops  her  eggs,  says  Riley,  loosely  upon 
the  ground,  from  whatever  height  she  may  happen  to  be,  and  "one  hears  a 
constant  pattering,  not  unlike  drops  of  rain,  that  results  from  the  abundant 
dropping  of  these  eggs,  which,  in  places,  lay  so  thick  among  and  under  the 

dead   leaves   that  they  may  be  scraped  up  in    great 

quantities."     (Report  for  1879.) 

The  eggs  of  the  lace-winged  flies  are  sup- 
ported on  pedicels,  above  the  reach  of  ovivorous 
mites. 

The  female  Chrysopa  usually  lays  between  40  and  60 
eggs.  In  one  case,  we  observed  that  18  egg-stalks  were 
deposited,  but  there  were  only  nine  well-formed  eggs  in 
the  batch,  and  nine  eggless  stalks,  some  only  half  the 
usual  height,  others  with  the  knob  of  cement  at  the 
end  to  which  the  egg  is  ordinarily  fastened.  The  ejrgs 
are  evidently  stuck  on  to  the  end  of  the  pedicel  after  the 
latter  has  been  formed,  as,  in  one  instance,  an  egg  was 
glued  to  the  stalk  very  much  out  of  centre,  the  insect's 
abdomen  not  having  been  aimed  straight,  so  to  speak,  at 
the  mass  of  cement. 

The  eggs  of  Rhodites  are  fixed  to  a  long  stalk  thickened 
at  the  end;  those  of  Inquilines  and  certain  Chalcids 
(Leucospis  gigas.  Fig.  489,  A)  are  also  stalked ;  and  the 
use  of  this  stalk  in  the  eggs  of  Cynips  (E)  is  thougiit 
by  Adler  to  be  respiratory,  while,  also,  he  states  that 
the  egg-cav- 
ity commu- 
nicates with 
the     egg- 

Fio.  486.  —  ICgK  -  cap-  Stalk,  SO 
buIm  of  .VantUearolhut.  that  a  nart 
—  After  Riley.  ]   .u 

of  the  egg- 
contents  can  pass  into  the  latter, 
and  this  happens  at  the  laying  of 
each  egg.  The  egg  of  certain  ich- 
neumons (Paniscus,  Fig.  488)  ends 
in  a  short  stalk,  which  is  inserted        Fio.  487.  —Eggs  of  Chrysopa,  with  larva  and  fly 
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in  the  skin  of  the  caterpillar  destined  to  serve  as  the  host  of  the  parasite,  the 
eggs,  as  stated  by  De  Geer,  being  retained  more  firmly  in  the  integument  by 

the  stalk  so  swelling  as  to  form  two 
knobs  (Fig.  498,  c). 

Certain  Homoptera  also  have  stalked 
eggs,  as  those  of  Ptylla  pyricola  (Fig. 
489,  B),  those  of  Aleyrodes  cUri  (C, 
a,  h)y  and  of  an  allied  form,  Aleuro- 
dicus  cocois  (Z>),  and  those  of  Corixa 
(Fig.  493). 

Reference  should  also  be  made  to 
the  eggs  of  lice,  which  are  oval  and 


Fig.  4SS.  —  Young  larva  of  Paniscus  in  posi- 
tion of  feeding  on  the  sicin  of  a  caterpillar :  a,  the 
egg-shell.  — After  Newport,  from  Sharp. 
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attached  to  the  hairs  of  their  host.  Those  of  the  ox  bot-fly  {Hypoderma  lineala) 
are  usually  placed  four  to  six  together,  and  fastened  to  a  hair.  The  lower  portion 
of  the  egg  is  admirably 
adapted  for  clasping  a 

hair.      **  It  consists  of      /^  *^  ^  "b O 

two  lobes,  forming  a 
bulbous  enlargement, 
which  is  attached  to 
the  egg  by  a  broad,  but 
rather  thin,  neck,  so 
that,  when  the  latter  is 
viewed  side  wise,  it  ap- 
pears as  a  slender  pedi-        „      ,c„      u.  u  ^  i     *    ^^  t  ,^  ,  s^    ^  ^    ^ 

1.,    .^-        ^^/^  ,.  Fi«.  4.<i9.  — Stalked  eggs:  .1,  of  a  Chalcid  (after  Fabre)  ; 

oel"  (Fig.  490,  a-d).  B,  of  Psylla  (after  Slingeriand) ;  (\  of  Aleyrodes;  />,  of 
(Rilev  in  Insect  Life  Aleiiroiliciirt  (after  Riley  and  Howard);  E,  of  Drifoj>haHta 
}         ^^^     ^ i    acuUlhiriH  (after  Adler). 

iv,  p.  307.)  The  egg  of 
another  fly  (Drosophila  ampelophila^  Fig.  491)  bears  a  pair  of  long,  slender  ap- 
pendages near  the  anterior  end.  ''The egg  is  inserted  into  the  soft  pulp  of  the 
decaying  fruit ;  these  appendages  leave  the  ovipositor  last,  and  are  spread  out  upoo 

the  surface  of  the  mass.  They,  in  this  way, 
serve  to  keep  the  egg  in  place,  and  thus  insure 
the  emergence  of  the  larva  into  the  open  air 
instead  of  Into  the  more  or  less  fluid  mass  in 
which  the  egg  is  situated.  The  larva  issues 
from  the  egg  just  above  the  base  of  these  ap> 
pendages. ' '     (Comstock. ) 


Mode  of  deposition. 

— The  exact  process 
of  oviposition  has 
been  rarely  ob- 
served, or  at  least 
not  observed  in  de- 


FiG.  490.  —  Eggs  of  ox  bot-fly,  enlarged.  —  After  Riley. 


Fio.  4»1.  -  Kg«  of  Dr»- 
sophlla.  —  After  C>in«to«k. 
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tail,  and  further  observations  are  much  needed.  In  the  cockroach 
(Phjilodromia),  Wheeler  has  seen  the  eggs  pass  out  of  the  oviduct 
and  become  arranged  in  the  ootheca,  in  a  way  similar  to  that  in 
the  account  published  by  Kadyi  on  Periplaneta. 

"  When  about  to  form  the  capsule,  the  female  Blatta  closeB  the  genital  anna- 
ture,  and  the  two  folds  of  the  white  membrane  which  lines  the  otitbecal  cavity 
cloae  vertically  in  the  middle  line.    Then  some  of  the  contents  of  the  colleterinl 
glands  are  poured  Into  the  chamber,  and  bathe  the  Inner  surface  of  the  posterior 
wall.     The  first  egg  glides  down  tiie  vagina  from  the  left  ovary,  describes  an 
arc,   still    keeping   its   germarlum-pole   uppermost,    after   having   pressed   the 
micropylar  area  against  the  mouth   of  the  spermatheca,  passes  to  the^  right 
side  of  the  back  of  the  chamber,  and  is  placed  perpendicularly  two-thirds  to 
the  right  of  the  longitudinal  aits  of  the  insect's  body.     The  next  egg  comes 
from  the  right  ovary,  describes  an  arc  to  the  opposite  side  of  the  body,  decussat- 
ing with  the  path  of  the  first  egg,  and  is  placed  completely  on  the  left  side  of  tlie 
median  line.     The  third 
egg  comes  from  the  left 
ovary,  and  is  made  to 
lie    completely    on    the 
right  side  of  the  median 
line  ;  and  so  the  process 
continues,    the     ovaries 
discharging  the  e^^ 
alternately,     and     each 
egg  describing  an  arc  to 
the  opposite  side  of  the 
capsule.     The    oijthecal 
chamber   soon    becomes 
too  small  to  contain  all 
the    constantly   accumu- 
lating ef^s,  so  the  anal 
armature   opens  and   al-  ^    ' 

lows  the  end  o[  the  cap- 
sule to  project.  A  raised 
line,  the  impression  of 
the  edges  of  the  while 
membrane,  runs  down 
the  end  of  the  capsule. 
The  last  egg  deposited 
comes  from  the  right 
ovary,  and  lies  two-thirds 
on  the  left,  and  one- 
third  to  the  right,  of  the  ^-  ""«; 
median  line.  As  soon  Cwx'i* 
as  the  ess  is  laid,  a  P!'^". 
further  discharge  from 
the  cotleterial  glands  spreads  over  the  vaginal  or  anterior  wall  of  the  cavity, 
and  becomes  evenly  continuous  with  the  secretion  which  has  before  beeu 
si>read  over  the  back  and  the  sides  of  the  capsule  by  the  white  membrane. 

"The  crista,  a  cord-like  ridge  running  the  full  length  of  the  dorsal  surface  of 
the  capsule,  is  a  thick-walled  tube,  either  half  of  which  is  fornied  by  the  edge 
of  the  side  walls  of  the  capsule  split  Into  two  laminc    The  rhythmical  clasping 
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I 


520  TEXT-BOOK  OF  ENTOMOLOGY 

of  the  three  pairs  of  palpi  which  guard  the  vaginal  opening  is  registered  in  ao 
exquisite  pattern  on  the  inner  face  of  either  half  of  the  crista.  ^^  ^ 

The  mode  of  oviposition  in  the  locust  has  been  fully  described  by 
Riley,  who  states  that  the  eggs  pass  down  and  out  of  the  oviduct, 
and  "guided  by  a  little  finger-like  style"  (Fig.  298),  they  pass  in 
between  the  horny  valves  of  the  ovipositor,  and  issue  at  their  tips 
amid  the  mucous  fluid  which  forms  the  egg-capsule  (Fig.  492). 

Vitality  of  eggs.  —  It  is  well  known  that  the  eggs  of  phyllopotl 
and  other  fresh-wat-er  Crustacea  have  wonderful  vitality,  withstand- 
ing extreme  dryness  for  several  years,  at  least  from  two  to  ten. 
Such  cases  are  unknown  among  insects.  It  has  been  observed,  how- 
ever, by  T.  W.  Brigham,  and  also  bj'^  L.  Trouvelot,  that  the  eggs  of 
the  walking-stick  {Diapheromera  femorata)  for  the  most  part  hatch 
only  after  the  interval  of  two  years.* 

The  eggs  of  Bittacus  are  said  by  Brauer  to  lie  over  unhatched  for 
two  years  ;  indeed,  the  first  condition  of  their  hatching  is  a  complete 
drying  of  the  earth  in  which  the  eggs  lie,  the  second  is  a  succeeding 
thorough  wetting  of  the  ground  in  spring. 

Appearance  and  structure  of  the  ripe  egg.  —  The  eggs  of  insects  are 
on  the  whole  rather  large  in  proi)ortion  to  the  size  of  the  parent. 
especially  so  in  many  minute  forms,  as  the  fleas,  lice,  etc. 

Their  general  shape  is  spherical  or  oval,  often  cylindrical :  where 
the  eggs  are  long  and  cylindrical  a  dorsal  and  ventral  side  can  lie 
distinguished  (Fig.  502).  They  are  in  the  Tortricidie  and  LimaecHlid 
moths  flattened,  thin,  and  scale-like.  In  the  eggs  of  locusts  and 
grasshoppers,  as  well  as  certain  Diptera,  the  ventral  side  of  the 
embryo  corresponds  to  the  convex  side,  and  the  concave  side  of  the 
egg  to  the  dorsal  region  of  the  embryo  (Figs.  502  and  493). 

There  is  an  anterior  and  posterior  end  or  pole,  the  anterior  end 
being  that  which  in  the  body  of  the  parent  lies  towards  her  hea<L  or 
towards  the  upper  or  distal  end  of  the  ovarian  tul^e.  Towards  this 
end  lies  in  the  later  stages  of  embryonic  life  the  head-end  of  tlie 
embryo,  while  the  posterior  end  of  the  embryo  is  turned  towards  the 
hinder  pole  of  the  egg  (Figs.  493  and  520). 

The  egg-shell  and  yolk-membrane. — The  ripe  e^^  is  protectcni  hv 
two  membranes:  1,  an  inner  or  vitelline  membrane  or  oiilemmn  Mlh  * 
(Fig.  500,  d)f  produced  in  the  egg  by  a  hardening  of  the  outer  layer. 
and  2,  the  outer  or  chorion  (c),  which  is  secreted  by  the  cells  of  the 
ovarian  follicle.  The  latter  is  divided  into  two  layers;  an  inner. 
the  endochorion,  and  an  outer,  the  exochorion. 

1  Joam.  Morph.,  iii,  Boston,  pp.  299,  300. 
^  Proc.  Boston  Soc.  Xat.  His:.,  xi,  pp,  88,  89. 
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While  the  yolk-membrane  in  usually  a  completely  lioiiiogeneoiis, 
thin,  structureless  membrane,  the  chorion  or  shell  of  the   egg  is 
usually  covered  with  a  network  of  ridges  enclosing  polygonal  areas, 
varying  in  shape  accord- 
ing  to    the   species    or 
genus.     These  external    fy 
markings  are  due  to  the 
impress  of  the  cellular 
structure  of  the  epithe- 
lium    of     the     ovarian 
follicle. 

In  the  chorion  of  the       7,0  4w  _i 
cockroa«h    the    mrfae   Ki-.J  iKSrr"-1S\i/iSSr;,r''-    "' 
appears    to     be     finely 

granular,  the  finest  graniUes  being  arranged  in  large,  more  or  less 
regularly  hexagonal  areas,  which  are  bounded  by  narrow,  dark 
spat^es,  containing  somewhat  larger  though  less  dense  granules.  The 
surface  of  the  e^s  of  certain  Phasmids  are  variously  sculptured 
(Fig.  494). 

The  true  struclure  of  the  chorion  can  only  be,  as  Wheeler  observes,  seen  in 
croHH-secUons,  as  sliown  by  Blochmanii,  and  also  by  Wheeler,  The  chorion 
consists  of  two  cliitinous  lamiiite  kept  In  close  apposition  by  means  of  numerous 
minute  tral>ecu1ie  or  pillars.  It  is  the  ends  of  tliese  pillars  that  look  like  gran- 
ules. In  the  splices  between  the  hexagonal  areas,  tlie  trabeculH^  are  more 
scattered  and  individually  thicker  than  those  of  the  hexagons. 

These  markings  are  of  singular  beauty  and  complexity  in  the  eggs 
of  many  Lepidoptera,  whose  ova  are  variously  ribbed,  forming  a 
beautiful  fretwork    of    raised    lines    (Figs.    495 
and  496),  while  in  the  Diptei-a  and  Hymenoptera 
the  chorion  is  less  solid,  and 
usually  smooth    under  low 


Pin.  WS,  — Enrofrotton-vonnniatli.  Aletl*-  n,  tnp  view.  shnwInK         Fm.  4M.  —  Hff  of  /)ii- 
tbr  mlcrnnrlp.  —  AftfrConialaek.  aula  archipi-a,.  —  After 

Klley. 

powers.  The  exochorion  of  the  egg  of  the  house  and  meat  fly  (C. 
vomitoria)  is  pitted  with  elongated  hexagonal  depressions,  which  cross 
the  egg  transversely.  That  of  the  honey-bee  is  also  .divided  into 
long  hexagonal  areas  (Fig.  497). 
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When  the  eggs  are  deposited  in  exposed  places,  and  rem^n  in 
such  situations  for  several  days,  or  weeks,  or  even  through  the 


'EW[)h]4reat  collar ;  fb,  furt 


winter,  the  shell  is  either  solid  and  strengthened  by  the  ribs  and 
ridges ;  or  the  shell,  if  of  winter  eggs,  is  un ornamented,  and  is  dense 
and  solid,  to  resist  extremes  in  temperature  or  the  attacks  of  egg- 
eating  binls,  mites,  etc. 

The  micropyle.  —  This  is  an  opening  of 
canal,  or,  as  in  most  insects,  a  group  of 
canils  sitTiated  at  the  anterior  end  ut 
the  egg  for  the  entrance  of  the  spe> 
matrtzoa  during  the  process  of  fertiliza- 
tion of  the  nvuin  (Fig.  498).  In  Am- 
diaiis,  however,  rfie  micropyle  is  sitiiateJ 
at  the  posterior  end  of  the  egg.  Tht 
iniciojiyle  (Fig.  499)  is  a  complicawd 
apparatus  within  whose  ciitiimfereni'f 
the  vitelline  membrane  appears  U)  1* 
'firmly  atta^ihed  to  the  chorion,  so  that 
the  perforation  passes  through  the  tbo- 
rion  as  well  as  the  yolk -membrane. 

The  micropyles  of  the  cockroach  are 
pi-ol>ably  as  simple  and  generalized  as 
in  any  insect.  'Wheeler  states  that  thev 
are  in  Phyllodromia  scattered  over  thi" 
end  of  the  e^,  "over  aqiiadrant  of  the 
upper  hemisphere,  where  the  beautiful 
hexagonal  pattern  of  the  chorion  gives 
away  to  ail  even  trabeculation."  Thf 
(  mici'opyles     are     wide-mouthed,    very 

'"'/m'^'S??'    "''''1"^'  funnel-shaped  canals,  perforit- 
'of  p-iKiK«t    ing  the  chorion,  the  apertures  of  the  fun- 
nels  ap[)eanng  under  a  low   power  « 


.  n,.  Ant, 
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olear,  oval  spotSj  the  long  axis  of  which   is  parallel   to  the  long 
axia  of  the  egg. 

'■  With  a  higher  power  the  lube  of  uach  funnel  ia  clearly  visible  aa  a  thin 
cnnai  wliich  dilates  rapidly  into  the  large  oval  aperture  on  tlie  outer  face  of  the 
chorion.    The  narrow  tube  is  sometimes  fully  as  long  as  the  lai^e  orifice.    The 


vIpw  ^  modined  usplllc  tcmn  tbr  iuw«r  ettr 
IniilnnmprUorihaiivarinle:  «.  remnuilnrtl 
si'tT*ted  l»)  the  oikropytar  Mp.  -  After  Ayen. 

niicropylar  perfomtionH  are  all  directed  from  the  germariiim  to  the  vaginal  {Htle 
of  the  egg.  Hence  a  Hue.  the  hypothetical  path  of  the  Bpermat«zouii,  drawn 
through  one  of  tlieae  oblique  micropylea,  and  coiithiued  into  the  egg,  would 
Blrike  the  equatorial  plane.  The  female  pronucleus,  as  we  shall  see  further  i>n, 
moves  in  this  plane."     (Wheeler,  p.  289.) 

The  inicropylar  region  is  generally,  at  least  in  Orthoptera  and 
Odonatn,  covered  by  a  gelatinous  cap  (Figs.  499  and  500,  gs),  which 
may  form  a  covering  membi'ane 
which  extends  over  a  large  part 
of  the  egg,  or  may  envelop  the 
entire  outer  surface.  In  some 
cases  iiiicropyies  are  scattered 
over  the  entire  surface  of  the 
egg,  but  usually  the  perforation 
is  situated  at  the  end,  and  is 
often  guarded  by  raised  pro- 
cesses, eitiier  one  or  several,  like 

bristles,  or  toadstools,  etc..  these  'i.„t  /.wmui  riruiiwuni :  J.-ifibm-i/'yi-cA..'- 
being  especially  characteristic  of 

the  eggs  of  certain  Hcuiiptera  (Xepa,  Fig,  501,  «.  .and  Raiiatr.-n.  .ir 
the  region  is  variously  sciili)tured.  as  in  the  eggs  of  butterflies,  in 
the  micropylar  apparatus  of  (Kcantliiis  the  pa]ii]liB  have  a  distin<-t 
lumen  {Fig.  490),  or  a  channel  for  tlie  ingress  of  the  male  tilameiit. 
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Another  use  of  the  micropylar  apparatus  noticed  by  Ayers  in  the 
egg  of  the  tree-cvicket  is  that  it  "  serves  as  a  thick,  roughened  plaW, 
against  which  the  insect  may  push  when  ovipositing,  without  injurr 
to  the  egg,  and  without  danger  that  the  ovipositor  slips  from  its 
«  place."   In  Chrysopa  eggs  the  niitro- 

pyle  forms  a  conspicuous  button- 
like knob,  resembling  the  fiuek 
milled  head  of  a  certain  kind  of 
screw. 

Internal  stmcture  of  the  egg.— 
The  egg-contents  are  surrounded  by 
'  an   outer  layer    of    protoplasm  or 

formative  yolk,  which  is  separat* 
from  the  inner  parts  of  the  e:-^ 
(Fig.  ijOi,  do),  the  latter  lieinB 
mostly  composed  of  the  nutritive 
yolk-element.  The  superficial  pro- 
toplasmic layer,  called  by  Weis- 
d  uiann    KeimkaalbluMeiu  (/iT)  is,  iu 

a  few  cases,  afterwards  entirelv 
lost,  but  in  most  instances  forms  a 
very  thin  layer  of  clear  protoiilasm. 
slight  in  extent  compared  with  tbe 
^         yolk-mass  within. 

The  eggs  of  insects  are  rich  in 

,        yolk,  only  certain  eggs,. such  as  those 

of  the  Aphides  and  the  egg  jiara- 

sites  (I'roctotrypidse)  being  jioor  in 

yolk.     The   eggs   of  heterometat 

olous   insects   have  l>een   said   bf 

Brauer  to  contain    relatively  mon" 

•K  ^':Sl  *"*■";  M'""'V'"V''''"?V'i;nni^"  yolk  than  those  of  the   Metabok 

(inr.^|hiniiiiK  iiie  HKumi  ur  HeijkinK  »id  particularly   the  Diptera :    though. 

tnisMf  uftbcfwc;  >fA.  ruik-nwmbnn»:  rfi.  ag  Wheeler  obscrves,  this  rule  has 

nutrtllTr  ynlk ;   ff,  itelifiiiiiuti  a|>  nvpr  lliv 

iiiicr<i|i>'k'  (Ml;  X,  ouwt  ta.vrr  of  iiIubh..  gome  exceptions,  the  eccs  of  the 

IKflinhiiilb1»r«m) : /'.  Ditlc  and  frmnW  pro-  ^  , 

niiririw  hrT.m' niiinintion :  r.  dtrecUw  b.'dy  IT-vcar  Cicada  being  verv  numerous 

ll;lphliin«.k"riKT). -Alter    Kon«li*lt    >d^  f  „  "J 

licMer.  and  small. 

Tliia  lie  thinks  Is  a  greater  advantage  to  the  insect  than  the  production  of  • 
few  large  ecRs,  "when  we  conBiUer  the  extremely  long  period  ot  Iar\-al  life  wid 
the  vleiHsi tildes  m  which  the  larvie  may  be  siibjecied  during  all  this  liinr" 
■■Similarly,  Mfh-t  iiiigii»tiroUis  prodnces  a  large  number  of  very  Hmill  eis.-*. 
wliile  tlie  eggs  of  the  Biiialler  beetles  (Dorj-phora,  e.p.)  are  much  larger.    Boi 
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Melo€  is  a  parasitic  form,  and  probably  only  a  few  of  its  many  ofiEspring  ever 
succeed  in  gaining  access  to  the  egg  of  the  bee/^ 

In  the  eggs  of  Chrysopa  the  yolk-granules  are  remarkably  small, 
so  that  the  primitive  band  is  in  strong  contrast  to  the  yolk  in  color 
and  density.  When  crushed,  the  yolk  does  not  flow  out  as  a  liquid, 
but  in  a  pasty  mass,  and  we  have  questioned  whether,  as  in  the  eggs 
of  Limulus,  whose  yolk  is  solid  with  fine  granules,  the  denseness  of 
the  yolk  is  not  connected  in  the  way  of  cause  and  effect  with  their 
exposed  situation. 

The  central  or  yolk-mass  (Fig.  502,  do)  consists  chiefly  of  rounded 
masses  of  yolk,  with  fat-globules,  between  which  extends  a  fine  net- 
work of  protoplasm. 

The  elements  of  the  yolk  are  spherical  and  strongly  refractive,  by 
pressure  becoming  polygonal  structureless  homogeneous  bodies. 

The  germinal  vesicle  of  the  ripe  insect-egg  lies  in  the  centre  of  the 
yolk,  where  it  appears  as  a  large  vesicle-like  cell-nucleus  containing 
a  few  chromatin  elements. 

h.  Maturatloii  or  ripening  of  the  egg 

Before  the  eggs  of  animals  can  be  fertilized,  they  require  in  some 
observed  cases,  and  probably  in  animals  in  general,  to  undergo  a 
series  of  changes,  which,  as  observed  in  the  starfish,  etc.,  consists  in 
the  replacement  of  the  germinal  vesicle  by  a  very  much  smaller  egg- 
nucleus,  and  also  at  the  same  time  the  construction  at  one  pole  of  the 
e^%  of  the  directive  or  polar  bodies  (Fig.  502,  ?•).  Towards  the  end 
of  the  ripening  process  of  the  insect  egg  this  vesicle,  according  to 
Blochmann,  passes  to  the  dorsal  surface  of  the  egg,  and  is  trans- 
formed into  the  directive  spindles  (Richtung»pindel), 

c.  Fertilization  of  the  egg 

The  egg  next  requires  the  penetration  and  admission  into  the 
yolk-interior  of  a  spermatozoon. 

This  process  is  essentially  in  insects,  as  in  other  animals,  the 
fusion  of  the  sperm-nucleus  with  the  nucleus  of  the  egg.  Under 
normal  conditions  but  a  single  spermatozoon  is  required  for  fertiliza- 
tion. As  shown  by  Hertwig,  in  the  sea-urchin,  after  the  spermato- 
zoon has  penetrated  into  the  egg,  the  head,  and  the  small  rounded 
body,  called  a  centrosome,  can  still  be  recognized,  but  the  tail  becomes 
fused  with  the  yolk  of  the  egg.  In  the  protoplasm  of  the  egg  (called 
cytoplasm)  the  achromatic  end  of  the  sperm-nucleus   gives  rise  to 


rm  TEXT-BOOK  OF  ENTOMOLOGY 

conspicuous  rays,  like  those  observed  iu  ordinary  cell-division.  Pre- 
ceded by  these  rays,  the  sperin-iiucleus  01' male  pronucleus  (Fig.  jHKJ.p) 
moves  towards  the  nucleus  of  the  egg,  and  finally  fuses  with  it.  thus 
forming  a  new  single  nucleus.  This  latter,  which  is  called  "  the  cleav- 
age nucleus,"  rapidly  forms  a  nuclear  or  "  cleavage  spindle "  (Fig. 
•■)03).  This  act  gives  an  impulse  to  the  cleavage  of  the  egg,  which  ia 
the  first  step  in  the  formation  of  the  embryo.  All  these  changes 
have  yet  to  be  worked  out  in  detail  in  insects  by  microscopic  sw-- 
tions  of  the  egg,  whose  generally  hai-d  and  opaque  egg-shells  present 
great  obstacles  to  such  work. 

il.  Dlvloton  and  Jonnation  of  the  blaatodermi 

In  insects  as  in  most  other  ArthrojKKla  the  segmentation  of  the 
yolk  is  superficial  and  not  total.  The  ovum  is  centroUcithal,  i.e.  the 
yolk  is  concentrated  at  the  centre  of  the  egg,  and  surroundett  by  a 
peripheral  layer  of  transparent  jtrotoplasm  (the  Keimhautblastem'). 

The  first  step  in  segmentation  is  tlie  movement  of  the  first  division- 
nucleus  (i.e.  that  in  the  fertilized  egg  arising  from  the  union  of  the 


sperm -nucleus  with  the  female  pronucleus)  towards  the  interior  <>t 
the  egg  in  order  to  multiply  itself  by  the  mode  of  indirect  nuclear 
division  (Figs.  rAii,  A,  and  507). 

iln  Hie  t<iI1<>wlii)[  fiene'al  Rccounr  iit  Die  embryolnicy  "(  insertH.  I  have  cI,'m:t 
ttilluweil  t)ii^  ndiulriibl?  arraiijtenwiit  unil  tlvwriiitlim  of  Koreclieli  ami  Heider.  in  tkrir 
Lehtbiich  iter  verjrleii-hendwi  Km  wicklunKHtf^schii-hlr  cier  wlfln-llosen  Thipre.  y\i.  7fi4- 
H44>,  ofifn  traiislatiug  their  text  literally,  rhuuKh  not  omitting  to  siaif  th«  results,  oi 
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Tta.  AM.  —  Embryolniiy  of  thv  mok-crielii-t :  I.  sav  ■»  vtblrh  tbe  uno-bntd  nuctpt  l-iArt  ire 
IDortnc  lomn]  tb*  Biirfkn :  i,  tm  In  wblch  thr  nurlel  (ahe^  hivf  nuchcil  tbr  Burb»,  Mnd  >lin<T 

blutw1<Ttnlc  dltk,  (Iw  •tinwlns  thr  riliiriiKltlain  nf  tbp  fiutodrriril  »I1«:  n,  eriisr-itKlliin  i>r  Ihr 
htuldfrmlr  ill.k.  »llli  Ihv  nIvoMiisI  »»!'  (m'.l  nlrniltv  furmpd  ;  T,  .'ro».wtlon  IbroiiEh  Ibe  Ibonu 
«(  Ihr  mibryn,  iho  iKxIy-oclty  rifiiili^l  InU.  ili«  llmbr. 
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The  origin  of  numerous  division-nuclei  as  the  offspring  of  the  first  has  been 
observed  to  take  place  in  the  eggs  of  those  insects  (Aphides,  Cecidomyia,  and 
Cynips)  which  have  a  slight  amount  of  yolk.  Yet  in  the  large,  ordinary  eggs  of 
insects  with  an  abundance  of  yolk  there  is  no  doubt,  say  Korschelt  and  Heider, 
that  these  numerous  division-nuclei,  which  soon  after  the  process  of  oviposition 
are  scattered  within  the  egg  between  the  yolk-spheres,  and  are  enveloped  by  a 
star-shaped  protoplasmic  layer,  and  which  constitute  the  formative  elements 
of  the  blastoderm, — there  is  no  doubt  but  that  they  have  practically  arisen 
through  indirect  nuclear  division  from  the  first  division-nucleus. 

The  process  of  formation  of  the  blastoderm  in  ordinary  eggs  with  abundant 
yolk  was  flret  observed  by  Bobretsky  in  the  eggs  of  a  moth  (Porthesia)  and 
Fieris,  also  by  Grabfer,  and  more  recently  by  Blochmann  in  Musca,  and  by 
Heider  in  Hydrophilus. 

In  the  earliest  stage  observed  by  Bobretsky  there  first  appear  after  fertiliza- 
tion a  few  (the  smallest  number  four)  cell-like,  minute  amoeboid  masses  of 
protoplasm,  each  with  a  distinct  nucleus.  A  few  (one  at  least)  of  these  bodies 
gradually  pass  out  of  the  centre  of  the  yolk  to  the  surface  of  the  egg  (Fig.  604, 
A,  71) » these  becoming  larger  and  rounder,  and  from  one  or  two  of  these  nuclei 
(B,  be)  the  blastoderm  originates  (C,  hi).  Those  nuclei  remaining  in  the  yolk 
increase  in  number  and  afterwards  become  the  nuclei  of  rounded  masses  of  yolk- 
granules,  forming  the  so-called  yolk-spheres  which  Bobretaky  regards  as  true  cells. 

To  the  few  blastoderm  cells  situated  on  the  upper  end  of  the  egg  are  added 
others  which  continue  to  pass  from  the  yolk  to  the  periphery,  and  then  the 
blastoderm  spreads  out  farther  and  farther  from  the  upper  end  of  the  egg  until 
finally  it  covers  or  envelops  the  whole  yolk.  This  layer  of  cells  is  called  the 
blastoderm. 

As  to  the  origin  of  the  primitive  amoeboid  cells,  Bobretsky  is  in  doubt,  but  is 
disposed  to  think  that  they  are  the  result  of  the  subdivision  of  the  germinative 
vesicle  or  nucleus  of  the  ovarian  egg-cell.  In  this  connection  may  be  quoted  the 
observations  of  Graber,  who  states  that  an  examination  of  the  ovarian  cell  at  an 
early  period  has  revealed  the  presence,  in  the  centre  of  the  yolk,  of  a  number  of 
amoeboid  cells,  which  appear  to  have  been  formed  by  the  division  of  the  germi- 
nal vesicle.  ITieSe  ** primary  embryonic  cells"  have  a  relatively  large  nucleus 
and  a  number  of  nucleoli.  Several  may  be  seen  to  unite  with  one  another  by 
means  of  their  pseudopodia,  and  they  may  also  be  observed  to  undergo  division. 
With  this  account  may  be  compared  the  results  obtained  by  Korotneff  in  his 
work  on  the  embryology  of  the  mole-cricket  (Fig.  506). 


Fm.  fi05  concluded.  —  Later  stafres  In  the  embryology  of  the  inole-crioket :  J*,  longitadloal  sec- 
tion of  the  embryo ;  the  yolk-pyramlds  (y7>)  form  a  common  Inner  yolk-mass  {y).  0,  section  throu^rh 
the  heart:  //,  cavity  of  the  heart;  the  two  halves  of  the  heart-sinuses  having  united  dorsally,  ventrally 
they  are  still  open  and  are  bounded  by  the  walls  of  the  mesenteron.  10,  cross-section  of  an  enibry»», 
showing:  the  blood-lacuna'  separated  on  the  back  by  the  dorsal  organ  {do) ;  the  intestinal  fasclated  layer 
{^Darm/nttrrbhitt)  has  not  completely  enclosed  the  yolk.  11,  embryo  completely  segmented,  with  "the 
rudiments  of  the  appendages,  labn'im  yUih),  and  nervous  ganglia  ipc-ng).  'l2,  a  more  advanced 
embryo,  showing  the  stomodieum  (a/)  indicated  as  a  frontal  protuberance.  18,  section  through  the 
recently  hatched  larva,  showing  the  cells  of  the  mesenteron  or  chyle-stomach,  and  the  cellular  layer 
on  the  front  surface,  also  the  proventriculus  or  crop. 


Lbtterino. 

ani^ 

Antenna. 

//,  hi,  heart. 

^7n,proctods>um. 

nr, 

arterial  sinus. 

/,         lacuna. 

«(^,    Buboesophageal  ganglion 

hi. 

blastoderm. 

w,       mouth. 

ttm,  Htomodeum. 

hi  a, 

abdominal  vesicles. 

9n<f,    mandible. 

/(7,    thoracic  ganglion. 

cr, 

proventriculus.  or  crop. 

♦n.^»,  mesenteron. 

Ttn^  ventral  muscle. 

rfw, 

ventral  diaphragm. 

7«isr',   1st  maxilla. 

y,     yolk. 

do. 

dorsal  organ. 

mar",  labium,  or  2d  maxilla. 

ypy  yolk-pvramids. 
A      ist  pair  of  feet. 

dpm 

,  dorsal  diaphragm. 

ml„      leaf-like  portion 

of  me- 

sn(. 

enteric  layer. 

senteron. 

JL    2d  pair  of  feet. 
///,  3d  pair  of  feet. 

f. 

fat-body. 

oe,      (esophagus. 

0^ 

ventral  ganglion. 
2m 

pc,     procerebrum. 

—  After  Korotneff. 
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The  result  of  these  and  of  later  obserrations,  especially  those  of 
Blochmann  on  Musca,  and  those  of  Heider  on  Hydrophilus,  show- 
that  the  division-nuclei  lie  near 
'  the  centre  of  the  egg,  along  the 

longitudinal  axis  (Fig.  507,  A). 
Each  of  these  nuclei  is  enveloped 
by  a  star-shaped  mass  of  proto- 
'  plasm,  and  on  the  whole  resem- 

bles a  wandering  amoeboiil  cell. 
These  isolated  masses  of  proto- 
plasm are  all  connected  by  a,  fine 
network  of  rays,  which  unite  to 
form  within  the  yolk  a  syn- 
cytium.  Afterwards,  in  the  later 
stages,  these  division-cells,  -as 
u.  they  may  be,  though  someM-hat 

incorrectly,    regarded,    move 
nearer  the  periphery  and  arrange 
themselves  into  a  plane  parallfl 
with  the  surface  (Figs.  5(M>,  A. 
507,  B).     Continuing  to  divide, 
they  reach  the  surface  and  fuse 
with  the  peripheral  protoplasmic 
layer   (Figs.   506,   B,   507,    C'.. 
Then  follows  the  division   inU.i 
single  cell -territories  (Figa.  .50<i, 
B,  i'>07,  C),  corresponding  to  the 
D    division-nuclei,  through  tlie  ap- 
pearance of  furrows  which  pass 
in  from  the  outer  surfaces  of  the 
n.-    egg  into  the  interior  and  gradu- 
]n1    ally  penetrate  the  entire  "keim- 
tth   hautblastem,"     In  this  way  the 
Ict   surface  of  the  egg  is  covered  with 
^f  an  epithelium  (blastoderia).     In 
■called  inner 

L^"T"..Mi'iiddivK!liV-Ti„\«f''-i^^^^^  "keimhautblaatem"  (Fig.  5(V.. 
«d  hSi""  ■~'*'^'"'~'"""'''^''"*'""  A  0  is  formed  by  the  separation 
of  a  layer  of  protoplasm  which 
contains  larger  granules  and  are  accumulated  between  the  blasto- 
derm and  the  upper  surface  of  the  central  nutritive  yolk-mass.  Bv 
the  addition  of  this  plasmic  layer  the  cells  of  the  blastoderm  increase 


thronidi  ■111'  tly'"  iwi  ■  ^^  ilw  awM  ur 
ploD'flDlId  luvv  iTT«w«'l  themKolveH  van 
IlKDUUTturtSrcuftbont.  AlhrdlTi 
(klHdwIUitha  "kalnilwulhl»l«n."    <'. 
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in  height,  and  now  form  a  cubical  or  cylinder  epithelium,  which 
continuously  envelops  the  surface  of  the  egg.  (Korschelt  and 
Heider.^ 


e,  Foimatioii  of  the  first  mdimentB  of  the  embryo,  and  of  the 

embryonic  membranes 

The  embryo  first  arises  as  a  whitish  streak  or  band-like  thickening 
on  the  ventral  side  of  the  eg^,  and  is  variously  called  the  *'  i)rimitive 
streak,"  "primitive  band/'  "germinal  band/'  or  "  embryonal  streak." 
In  most  cases  the  primitive  band  is  divided  at  regular  intervals  by 

ABC  D 


Fio.  507.  —  FonnaUon  of  the  blastoderm  in  Hydrophllus  :  d,  completed  blastoderm  ;  d,  volk  ;  /, 
M>-H;alled  division-cells ;  k,  "  keimhautblaatem '* ;  z,  yolk-cells. — After  Ueider,  lh>m  Korscdelt  and 
Ileider. 

transverse  furrows,  indicating  the  limits  of  what  are  to  be  the  body 
segments. 

Gross-sections  (Fig.  509)  show  that  the  band  is  composed  of 
several  layers,  i.e.  an  outer  layer  (ectoderm)  and  an  inner  layer 
which  comprises  the  endoderm  and  mesoderm,  and  so  long  as  these 
two  layers  are  not  sharply  diiferentiated  from  one  another,  this 
second  layer  may  be  called,  with  Kowalevsky,  "the  inner  lower 
layer,  or  ento-mesoderm  "  (Figs.  5()S,  r>09,  By  C,  n). 

It  is  characteristic  of  insects,  only  rarely  occurring  in  other 
arthropods  (e.g.  the  scorpion),  that  the  primitive  streak  is  not  situ- 
ated on  the  surface  of  the  egg,  but  becomes  overgrown  by  a  folded 
structure  (Fig.  508,  af)  rising  from  its  edges,  the  amnion-fold,  so 


532 


TEXT-BOOK  OF  ENTOMOLOGY 


that  it  appears  somewhat  depressed  or  sunken  in  under  the  upper 
surface  of  the  yolk.  While  the  amnion-folds  are  extending  from  all 
sides  over  the  primitive  band,  there  becomes  formed  under  it,  by  the 
invagination  of  the  outer  surface  of  the  egg,  a  cavity,  the  amnion- 
cavity  (a/i),  which,  when  the  amnion-fold  has  completely  overgrown 
the  primitive  band  and  united  together  (Fig.  509,  C),  appears  com- 
pletely closed  from  without. 

Formation  of  the  embryonic  membranes.  —  The  amnion-folds  finally 
completely  overgrow  the  primitive  band  (Fig.  509,  B  and  O),  and 


Fig.  SOS.  —  Two  Hoheinatic  median  scothins  through  on  insoct-eaibn'O  to  r«pre»ent  the  <leT«>|.«(»> 
ment  of  the  embryonal  membranes.  In  .1  the  primitive  streak  is  not  whoUv  overpfrown  hy  tho  amakt^ 
fold.  In  B  the  amnlon-folds  have  united  with  each  other  and  coinpletelv  overffrown  the  i»riiuitiT« 
streak:  a,  fore,  b,  hind,  ejrff-pole ;  r,  ventral  «lde ;  ^/,  dorsal  side:  af,  ainnion-folds ;  ah,  amaiiUK 
cavity;  inn,  amnion;  do,  yolk;  rr,  ectoderm ;  k\  heail-end.  A'.' hinder-end,  of  tb«  primitive 
streak ;  «,  the  part  of  the  serosa  arising  from  the  amnlon-fold ;  h',  the  iwirt  of  th«  serosa 
from  the  unaltered  blastoderm  ;  m,  lower  layer.  —  Aft-er  Korschelt  and  Heider. 


form  the  embryonal  membranes.  The  primitive  band  is  seen  aft4?r 
its  completion  to  be  overgrown  by  a  double  cellular  epithelial 
membrane.  The  outer  of  these  two  membranes,  that  which  arises 
from  the  outer  leaf  or  layer  of  the  amnion-fold,  is  the  Heir>sa  (Fij^s, 
508,  B\  509,  (7,  s;  510).  This  passes  continuously  into  the  unchanginl 
part  of  the  blastoderm,  which  has  no  part  in  the  formation  of  the 
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primitive  band  and  germ-layers,  and  which  covers  the  outer  surface 
of  the  yolk.  Thus  the  serosa,  which  is  usually  held  to  include  this 
portion  also  of  the  blastoderm, 
forms  a  closed  sac  which  covers 
the  whole  surface  of  the  egg,  with 
one  part  extending  over  the  surface 
of  the  yolk,  and  the  other  over  the 
primitive  band  (Fig.  510). 

The  inner  of  the  two  layers, 
called  the  amnion  (Fig.  509,  am), 
is  more  closely  connected  with  the 
embryo.  The  amnion  and  ecto- 
derm of  the  primitive  band  to- 
gether form  a  completely  closed 
sac,  whose  lumen  forms  the 
amniotic  cavity.  Originally  con- 
nected with  the  serous  membrane, 
it  splits  off  from  the  primitive 
band  about  the  time  the  appen- 
dages begin  to  bud  out,  and  con- 
tinues to  closely  envelop  the  body 
and  appendages,  as  seen  in  Fig. 
509.  Both  of  these  membranes 
are,  before  the  time  of  hatching, 
either  absorbed,  or,  as  in  Lepi- 
doptera,  retained.  The  amnion  is 
retained  until  after  hatching  in 
the  locust,  etc.  In  certain  Coleop- 
tera  the  serosa  is  retained,  and  the 
amnion  is  absorbed  (Fig.  532), 
while  in  Chironomus  and  the 
Trichoptera  the  serosa  is  ab- 
sorbed, and  the  amnion  retained, 
with    the    egg-shell   or  chorion. 


Fir,.  Sii9.  —  Piaflrrnniinatic  rross-s^cction  throuj^h 
three  sncoesslve  stapes  of  the  primitive  streak,  and 
frrovrlnt'  enibrvonal  membranes  of  insoot-ernbryos. 
.1.  formation  of  the  ventral  plate  and  of  the  pas- 
trula  tnvairination  {(/).  B,  upward  growth  of  the 
amnion-folds  {a/).  C,  complete  overgrowth  of 
the  primitive  band  through  the  amnion-folds: 
r.  ventral  side ;  d,  dorsal  side ;  a/,  amnion-folds ; 
ah.  amnion-cavity  ;  am,  amnion  :  bl,  blastoderm ; 
&j?,  ventral  plate :  rfo,  yolk ;  fc,  ectoderm ;  «, 
serosa :  m,  under  or  Inner 'layer,  — After  Korschelt 
and  Ileider. 
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Hence  we  have  eight  layers  in  the  winged  insects  ^  during  embryonic 
life: 


Fig.  510.  —  Sur&ce  view  of  tre»\i  seroiia  ft*oin  an  (Ecanthufl,  treated  with  acetic  canning :  tbi 
blastoderm  completely  formed,  x  r)00:  />,  polar  body;  r/,  radiating  fibres;  nU^  nuclear  8iib»tuw«: 
ntm^  nuclear  membrane.  —  After  Ayers. 


1. 

2. 
3. 

4. 
5. 
6. 

7. 
8. 


Exochorion.     (Remains  of  the  epithelium  of  the  ovarian  folHcle.) 
Chorion.     (Egg-shell  or  cuticle  secreted  in  the  ovarian  follicle.) 
Vitelline   membrane.      (Primary   egg-membrane.      Yolk-skin  or 

membrane.) 
Serous  or  outer  germ-membrane.     (Serosa.) 
Amnion  or  inner  germ-membrane. 
Ectoderm. 


Mesoderm.  ;-  Embryo. 
Endoderm.  ) 


Derived  from 
the  blasto- 
derm. 


In  the  embryo  of  Xiphidium  and  Orchelimum  Wheeler  has  found  and  described 
with  much  detail  a  membranous  structure  which  he  calls  the  indusiurA.  *'  The 
organ,"  he  says,  '*  appears  to  have  been  retained  by  the  Locustidse,  and  com- 
pletely lost  by  the  embryos  of  other  winged  insects."  It  arises  in  Xiphidiain. 
as  a  simple  circular  thickening  of  the  blastoderm,  between  and  a  Httle  in  fnct 
of  the  procephalic  lobes  (Figs.  611,  512,  A-E),  and  afterwards  spreads  over  neariy 
the  whole  surface  of  the  egg,  leaving  the  poles  uncovered,  as  in  Fig.  513,  where  it  if 
divided  into  two  further  membranes,  the  inner  and  outer  indosium,  the  fonner 
lying  in  contact  with  the  amnion.  After  this  the  serosa  *Ms  excluded  fn'ffi 
taking  any  part  in  the  development  of  the  embryo  ;  both  its  position  and  fose- 
tion  are  now  usurped  by  the  inner  indusium." 

1  Korschelt  and  Haider  state  that  no  cellular  embryonal  membraDes  are  prt^*^ 
in  Synaptera,  Uljanin  finding  none  in  the  Podurids.  In  the  embryo  cif  Jtotvn*' 
xoalkerii  we,  however,  observed  a  membrane  whicli  we  compared  to  the  larval  ^^ 
of  many  Crustacea,  and  both  Sommer  and  Lemoine  have  detected  in  egi^of  tlK  W 
group  a  cuticular  larval  skin  which  is  provided  ^ith  spines  for  rupturing  the  ohorinr. 
The  amnion  Is  also  wanting  in  Proctotrupids  (Ayers),  and  is  rudimental  in  MffiicM^ 
(Kowalevsky,  Graber),  in  viviparous  Cecidomyidae,  according  to  Metachnikoff.  vi»> 
also  states  that  in  certain  ants  of  Madeira  the  envelopes  are  represented  only  ^* 
small  mass  of  cells  in  the  dorsal  region. 


J 
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Hence  in  an  egg  of  the  Lociutidu  Wheeler  dUtlDguiahea,  passing  from  witbin 
outward  ia  a  median  transTerse  seciion  of  the  egg,  the  following  envelopes : 

1.  The  chorion. 

2.  The  blastoderm-skin-like  cuticle  secreted  by  the  serosa. 

3.  The  serosa. 

4.  The  outer  indusium. 

6.    A  layer  of  dark  granular  secretion  (probably  some  urate). 

6.  The  cuticle  secreted  by  tlie  inner  indusium. 

7.  The  inner  induHium. 

e.   The  amnion.     While  envelopes   1-T  Invest  the  whole  e^ ;   layer  6,  the 
amnion,  covers  only  the  embryo. 


Fiii.Sll.  —  niwmnsUInttntlnfillir  niQvrmcnta  ind  envelopes  oT  (he  smbiyo  or  Xl[>hldluin  :  A. 
I '.  jupt  after  thu  i*ui^fbIeiiLnfr  I'f  thf  f>riibryc)  on  thv  ^nTnal  tarwe ;  iit</.  itniu^Utm  iflcrwuda  fnnn- 
gerni'lMnd  ;  n,  x'olk ;  b/.  c,  MoAtmLenn  iiitinbrnn?, 

Wheeler  further  BUggests  that  the  so-called  micropyle  of  the  CoUembola 
(.\nurida),  which  has  bei-n  homol<)eize<l  with  the  "dorsal  organ  "  of  Cnistacoa, 
in  a  possible  homologue  of  the  indusiiun,  as  also  the  "primitive  cumulus"  of 
spidem,  and  the  "fawlte"  or  "cervical  cross"  of  Pentastomids  described  by 
Leuckart  and  also  by  Stiles. 

The  gaatnila  stage.  —  The  primitive  baud  iuvaginates  so  as  to  give 
tlie  i>p|)ortunity  for  the  fomuition  of  tlie  inner  layer.  This  invagi- 
nation, which  at  a  certain  stiijje  is  established  along  the  whole 
length  of  the  primitive  band,  forms  a  median  furrow  and  may  be 
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regarded  as  the  gastm la- invagination  of  insects.  The  lower  (inaet) 
layer  thus  arising  afterwards  spreads  out  under  the  entire  jirinii- 
tive  band  (Fig.  i'»09,  B  and  C),  the  edges  of  which  become  bordered 
by  the  growing  amnion-fold,      (Korschelt  and  Heider.) 

Ill  certain  forms  the  priinitiTe  band  arises  from  several  separate  ruilinHnu 
nhich  afterwardfl  unite.  Tbiu  in  Musca  and  Hydrophilue  Ihe  anterior  aod pot- 
terior  ends  develop  first,  and  in  HyUropliiluH  the  pruceplialic  lobes  origiDiU 
independently  of  ttie  rest  of  the  baud.  In  tlie  Apliides,  also.  acc»rding  to  Wl. 
these  lobes  arise  independently,  afterwards  uniting  with  the  primitive  buid. 


i.  —  Dlnenrns  IIUinlnillnK  Ihe  i 


DiviBion  of  the  embryo  or  primitive  band  Into  body-Begmenta.  —  Mean- 
while the  primitive  band  grows  at  the  expense  of  the  yolk,  spread- 
ing out  more  and  more  over  its  surface,  until  in  certain  cases 
(Coleoptera,  Diptera,  Siphonaptera,  and  Trichoptera)  it  lies  like  » 
broad  ribbon  over  the  yolk,  .so  that  the  two  ends  nearly  meet  on  th« 
dorsal  side.  By  this  time  it  becomes  divided  by  transversely  in- 
pressed  lines  into  segments,  which  correspond  to  those  of  the  lam 
and  adult.     The  first  of  these  segments  is  divided  into  two  broaJ 


APPEARANCE   OF  THE  BODY-SEGMENTS 


and   fiaring  flaps,    which  are  called   the   procephalic    lobes. 
becomes  the  antenual  segment. 


or«re)n.t.nfi 


and  is  situated  at  the 
,)  at  the  posterior  pole,  or  end 


The  month  (stomodrexm)  now 
anterior,'  and  the  rectum  (pfoctodt 
of  the  primitive  band. 

In  Blatta,  Hydrophilus,  the  Trichop- 
tera,  and  the  Lepidoptera  the  liindermost 
part  of  the  primitive  band  is  turned  in 
ventrally  (Figs.  r,M,  C). 


Tlie  preceding  account  of  the  relfttions  of  Ihe 
primitive  band  to  the  yolk  does  not  apply  to  all 
insectJi,  since  there  are  variations  whicli  appear 
to  depend  on  the  fonn  ol  the  epg,  and  on  the 
amount  and  distribution  of  the  yolk-masses.  In 
certain  Coleoptei-a,  the  primitive  band  sinks  down 
and  thus  beeomea  Immersed  Into  the  yolk.  In  Fio.  314.  — Medtai 
Donacia  (KiiUiker  and  Melnikow)  an<l  Hydro-  ?5;5|irr«iivle'''-''fc1'/" 
pbilus  (Ueider),  and  In  the  ChryRomelidie  and    Tbli  ■□d'Figs.'sti-ais 

1  In  Diptera  the  alomodieiim  may  be  dorsal,  Dr.  Pratt  tells  oi 
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Attelabus,  a  weevil,  tw  we  have  observed,  the  primitive  band  rests  on  Uu 
outside  of  the  yolk,  but  in  Telephorut  flnxini  it  is  immersed,    tn  the  Hemiptera 


Fin.  GIfi.  — Ventral  visw  or  nv«dev«lgunienU1iU«es  or  Ilvdronhllua:  a  ind  A,  plues  it  irblcfa 
the  biMWjwre  conuvu ;  ii/,  eOge  ul  Ibc  iinnliiii-ruM  ;  ri/'.  <vud>l  ToM  ;  a/",  jnlred  b«d-tbld  of 
the  unnloD ;  an,  uiieQn* ;  M,  lul  HRm«nl :  ^.  [jit-like  Invit^iutlDD  (Hrat  Indlcatlnn  of  tb«  wnnl- 
dUf  uvllyl  J  k.  btid-lnbrn :  r.  fUimw-llka  InvigliuLkin  ;  •,  porUnb  of  lb*  prloiLUve  sUvak  iwvend 
hy  tbe  auiploo.  —  AfUr  Haliler,  ttaai  Luig-. 

it  is  immersed  (Fig.  616),  but  there  is  much  variation  in  this  respect,  the  degree 
of  immersion  being  most  marked  in  the  Coccidie  (Aspidiotua),  and  least  ao  in 
Coriia.  Besides  the  position  of  the  primitive  band, 
there  are  in  Odonata  and  Hemiptera  differences  in 
the  origin  of  the  primitive  band  itself  and  of  the 
embryonic  membranes. 

Korschelt  and  Heider  divide  the  early  embryo  of 
insects  into  two  types : 

1.  Into  those  witli  a  superficial  primitive  band  ; 
viz.,  where  there  is  no  passage  of  yolk'Clenients  into 
the  space  between  the  amnion  and  serosa.  The 
primitive  band  has  in  sucli  cases  a  relatively  super- 
ficial poaition  (Fi^.  50S,  TiOt),  621,  635).  Examples 
are  certain  Drthoptera  (Btdtta,  OCcanlhus,  Mantis, 
Gryllotalpa),  also  certain  Hemiptera  (Corixa),  cer- 
tain Coledptera,  and  the  Trichoptera,  Diptera,  and 
Hymenoptera. 

2.  Into  tliitxe  with  an  immeised  primitive  band, 
with  the  space  between  the  serosa  and  amnion 
fitted  with  yolk  (Kigs.  617,  618,  634).  Examples 
are  the  orthopteruus  Slenobothrus,  Odonata,  many 
Hemiptera  (the  I'ediculina  and  Pyrrhocoris),  the 
Coleoptera  already  mentioned,  and  Lepidoptem. 

Il  sliould  lie  observed,  however,  tlint  Ihese  diffir- 

ences  are  of  little  pliytogenetic  or  laxonomic  value, 

Fiii.  ."ilS.  — Embri-o    of   the    since  genera  ot  the  same  order,  notably  the  Coleoji- 

("""■niJn'ii'i'^y'clyrei'i's'!^  Aflsr    tcrs-.  differ  as  to  the  pfisitioii  of  the  primitive  band, 

\fiOnikow.  HO  also  two  orders  sn  nearly  allied  as  the  Trichoptera 

and  I^pidoptera. 

Differences  between  the  invaginated  and  OTersrown  primitive  band.  —  In 

rcs|>ect  (o  the  mode  of  origin  of   llie  primitive  band  and  its  relative  position, 
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I  two  opposite  types,  though  connected  by  transitional  forms.     In 
jase  the  primitive  band,  i.e.  iia  ventral  portion,  the  "ventral  plate" 


»n«rlhow'oJrirobrelskyMdHitMlifli,[roinKorechXBnd''llei'der.'  *'°*™"'        ™    "        ''"' 

(Fig.  OIS,  b,  p)  is  pushed  in  or  invaginated  in  the  interior  of  the  egg ;  in  th 
otlier  case  it  becomes  overgrown  by  the  folds  of   the  amnion  arising  from  il 


Fio.  51S.  — FIvedlMnmimllo  nrdlaii  SHllnns  reprBMntlBg  ttaa  gniwlli  nf  iflnMron-fly  ICaloii- 
t«r;i).    .4-r.de>s1o|,iiitiiloribr  |>rtmll1v««n'i>k(J-.l''lbylnTi«lnti(tnn.    P.theunnlnn-fuM  ('i/>, 

iahy.  r.  Tenln],  rf,  dorMl  ilde;  a,  ton.  b.  hind  end  nietg:  ">.  blmiliSenn ;  *p,  vmlnil  jAttr  ;  <f-r, 

of  InimtlDaLIon  ;  .',  w'niM.  -  Aftr'r  Brtndl,  frnin  KorsrUeli  »mi  fielder,         '  '      *  '"^  ° 

In  insects  with  an  overgrown  primitive  band,  the  band  at  the  beginning  ia 
generally  short  and  always  situated  on  the  ventral  side  of  the  egg,  with  the 
head-end  looking  forward,  and  remaiiia  in  this  position  throughout  embryonic 
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J^  Urmnil,  ( 


(c  ^Wneof  Caloplei^'x  :  am. 


Fro.  KO.  — Thwe 


Aunher  atftt  or  Kmwlli  oT  Cilop- 
v  ihf  InvvntiMi  ut  tin  rinlirvu:  a. 
Hewitts,  uul  or  vhleh  Ihr  mibryu 


life.  There  ia  no  revolution 
of  Uie  embryo.  The  enibrj- 
onal  membranes  arise  Uiruuj!b 
the  formation  of  folds. 

In  insects  with  an  iuv^i-^ 
nated  primitive  band,  of  "bich 
the  Odonnta  aSorc]  example*. 
the  flrst  rudiment  of  ibe 
primitive  band  is  in  the  Ii'm 
of  a  veDlral  plate  o(  sli^t 
extent  passing  ventrally  in 
the  hinder  half  of  the  eg;,  in 
whose  poswrior  section  a  pro- 
cess of  invagination  (Fig.  jis, 
A,  kh).  soon  occurs.  Tlif 
cavity  of  this  invagination  ii 
the  first  indication  <>(  tlit 
amnion-caviiy  (Fig.  61»,  B. 
oft),  wliile  its  wall  in  iu 
thlcltened  ventral  pari  (A"'i  ii 
concerned  in  the  formaiinti  cf 
the  primitive  band.  and.  in  i'^ 
rtotsai  thin  part,  in  the  fomiv 
tion  of  the  amnion  (^,  (\mt  . 
^  ReTolution  of  the  embiT* 
where  the  priioitive  bud  if 
invagiiiated-  —  At  first  the 
head-end  of  Uie  enibrj'i>  is 
directed  towards  the  posirrii't 
end  of  the  e^,  as  In  drasua- 
fiies  (Fip.  518).  Also  di«t 
surface  of  the  primitive  banii 
which  afterwards  faces  ih' 
ventral,  is  at  tirsi  tiirufd 
towards  the  dorsal  side  nf  tli' 
ejtg.  In  order  to  brinp  thf 
primitive  band  into  the  Uur 
relations,  there  uiusl  '•cnl' 
tlie  process  of  revolmipii.  if 
turning,  of  the  embryo.  Th* 
somewhat  advanced  fnibn'i 
of  Ihe  (Idonata,  after  ihf  ap- 
pearance of  the  head  »w 
thoracic  appemlapef.  unJft- 
goes  a  rotating  motion  a^lunJ 
its  transverse  axis,  and  at  ik 
same  time  turns  out  "f  li" 
amniotic  cavity  (Fig.  f.-V.  B 
Tliis  process  is  sii  nian»--fJ 
that  near  llie  bead-re  pi  i>ii.  li* 
amnion  and  semsa,  tlwrr 
climely  situated  to  each  I'thrr. 
are  fused  together,  and  at  ibi* 
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place  tear  or  burst  open.  Through  this  rent  (a),  in  the  same  place  in  which 
the  original  invagination-opening  was  situated,  the  amniotic  cavity  again  opens, 
and  tlirough  the  opening  thus  formed  first  the  head  and  then  the  succeeding 
segments  of  the  primitive  band  (Fig.  620,  B)  pass  out,  and  remain  there  while 
the  head  passes  on  to  the  anterior  pole  of  the  egg  on  the  ventral  side,  the  embryo 
thus  assuming  a  position  like  that  of  other  insects.     (Kowalevsky.) 

In  the  parasitic  Hemiptera  (Pedicullna),  according  to  Melnikow,  the  opening 
in  the  membranes  near  the  head  remains  permanent,  and  the  embryo  becomes 
everted  through  it,  while  the  yolk,  enclosed  in  the  continuous  membrane  formed 
by  tlie  amnion  and  serous  membrane,  forms  a  yolk-sac  on  the  dorsal  surface. 
The  same  process  occurs  in  Mallophaga,  and  also  in  (Ecanthus,  as  described  by 
Ayers  (Fig.  621).  Generally  as  soon  as  the  embryo  passes  out  of  the  amniotic 
cavity  the  latter  soon  becomes  smaller  and  finally  completely  disappears. 


d..^ 


C 


D 


amr 


Fi«.  521.  —  KeToIntion  of  the  embryo  of  (EcanthuR  (diAirraniinBtic) :  a,  fore,  ft,  hind  end  of  ejrgi 
am^  amnion  ;  rf,  dorsal,  r,  ventral  side  of  ojjp :  k.  primitive  streak  ;  r,  dorsal  plate  (originating  by 
the  contraction  of  the  serosa  («)).  —  After  Ayers,  from  Korschelt  and  Heider. 


As  the  embryo  grows,  and  the  sides  grow  up  and  the  back  closes  over,  the 
contents  of  the  yolk-sac  are  soon  taken  up  and  absorbed  in  the  intestinal  cavity, 
which  communicates  with  it. 

In  Phyllodromia,  according  to  Wheeler,  the  process  of  revolution  is  **  hurried 
through  by  the  embryo  from  the  beginning  of  the  16th  to  the  end  of  the  17th 
day."  Several  successive  stages  are  represented  in  Fig.  622.  In  the  15th  day 
the  embryo  still  occupies  the  middle  of  the  ventral  surface  of  the  egg.  Soon  the 
envelopes  (amnion  and  serosa,  as)  rupture,  an  irregular  slit  being  formed,  and 
soon  the  egg  and  embryo  are  as  seen  in  Fig.  622,  B^  the  embryo  standing  out  free 
from  its  envelopes  on  the  yolk,  and  the  edges  of  its  dorsal  growing  walls  (6)  are 
distinctly  marked.  The  tail  now  lies  at  the  caudal  end  of  the  egg  (Fig.  622,  C). 
By  the  17th  day  the  walls  have  closed  in  the  median  dorsal  line,  and  the  em- 
bryo has  grown  in  length  to  such  an  extent  as  to  bring  its  head  to  the  cephalic 
poie  (Fig.  622,  E). 

Korschelt  and  Heider  consider,  since  the  primitive  band  of  the  chilopod  myrio- 
pods  (Geophilus)  is  curved  in  at  the  middle  and  sinks  into  the  interior  of  the 
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yolk,  that  in  insects  the  invaginated  primitive  band  is  the  ancestral  or  primitive 
one,  the  overgrown  primitive  band  being  derived  from  it.  The  ovei^grown 
primitive  band  by  its  position  may  also  be  better  insured  against  certain  me- 
chanical attacks,  perhaps  also  against  the  danger  of  drying  up. 

A  B  ODE 


..«*. 


Fio.  A32.  —  Embryo  of  Phvllodromla,  15  davfi  old  ;  revolution  about  to  begin.  Tbe  stages  in  rerolo- 
tlon  are  repre»on ted,*  after  the  rupture  of  the  amnion  and  serosa,  in  vi  to  ^,  which  are  fron 
embryos  16.  10^,  16).  and  IT  day.s  old  respectively:  an.  amnion  and  serosa;  «,  edge  of  serosa: 
5,  dorsal  growing  body-wall ;  <f  .'o,  dorsal  organ  ;  ir,  clear  zone  covered  with  scattered  amnlotk 
nuclei.  —  After  Wheeler. 


/.  Formation  of  the  eztemal  form  of  the  body 

Origin  of  the  body-segments.  —  As  we  have  seen,  the  first  traces  of 
segments  appear  very  early,  the  primitive  band  being  divided 
*  by  superficial  transverse  furrows  into  segments.  This  segmen- 
tation into  arthromeres  (somites  or  metameres)  can  be  observed  in 
Hydrophilus  and  Chalicodoma  at  a  time  when  gastrulation  begins 
(Figs.  51o,  53G).  The  segmentation  extends  not  only  across  the 
median  portion  of  the  primitive  band,  through  whose  invagination 
the  inner  layer  (endomesoderm)  results,  but  also  to  the  lateral  por- 
tions which  become  a  part  of  the  ectoderm  of  the  primitive  band. 
These  transverse  furrows  correspond  to  thinner  places  in  the  epithe- 
lium, which  in  this  stage  forms  the  embryonal  rudiment.  It  thus 
happens  that,  in  the  forms  named,  after  the  end  of  gastrulation  not 
only  the  ectoderm,  but  also  the  endomesoderm,  is  already  segmente<l. 

So  early  an  appearance  of  segmentation  as  that  observed  in  Ilydrophiluj;  and 
Chalicodoma  we  must  regard  as  a  falsification  of  the  process  of  development 
due  to  heteroclirony.  We  must  consider  the  conditions  observed  in  other  forms 
as  the  primitive  ones,  in  which  (as,  for  example,  in  Lina  and  in  Stenobothnis, 
according  to  Graber)  the  gastrulation  and  separation  of  the  ectoderm  occurs  in 
the  still  unsegmented  primitive  band,  the  division  into  segments  occurring  i& 
later  stages  (Fig.  524).  In  these  forms,  then,  the  segmentation  affect.**  the 
invaginated  endomesoderm,  as  well  as  the  ectoderm.  (Korschelt  and  Ileider, 
p.  789.) 
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In  the  completely  segmented  primitive  band  may  be  distinguished 
two  regions  of  a  peculiar  appearance  (Figs.  515,  Ti2~),  one  et  the 
anterior,  and  the  other  at  the  hinder  end.  The  anterior,  the  pri- 
mary head-section,  contains  the  mouth-opening,  and  is  characterized 
by  its  lateral  expansions,  or  procephalic  lobes.  The  other  section, 
or  posterior  section,  the  so-called  anal  segment  or  telson,  contains 


Flo.KS.  — RlMcnunniitkcTiiiiS'ScrtlnD  (hrniiich  Ihiw  mirFC  . 
tlus  foniutlnn  at  llir  hort.     ((.'nmnire  Pig.  Sn.*!.)     The  trnnt,  ot  the  Klxudular  inli'tllnul  layer 
{aarantrlturahlall)  lire  umltteit.  ^,  eeiilei'l  slice:  the  lirilnlliveali«*kr]iu»lifn)ni*rla$r>.  Thi' 

pills  <«>rutii) :  I.  iMneUnliuniilaii  turned  <ii>i  BlmrdLnit  In  mnnrrtjiin  wlib  ihr  ertwlerin  •trilHi  piinil- 
tlTe  Hrcak.  B,  aernnd  stairr;  the  primllire  tlrrsh  has  mnijiletrly  Kron-n  htuuihI  Iba  yatk;  the 
diTfli]  oivAii  1ft  atrmtrbed.  ',  Ihlnl  i^nvf.  dnr^  iHirtlon;  ihv  fhrraailoii  of  Ihe  heart  i^  Aniiihed  : 
am,  TTPitKe  of  Ibr  iiiintini-rnM  :  An.  NnMl-Flnua ;  dil,  mdlirvnt  at  the  darMi  dlaphnpii :  rir.  ran- 
tnl  dli|ihn|tiii  IMHRpare  Kir.  IKBl ;  rfn.  yolk :  rf«.  yiilk-»llH  i  «•,  eetodertn ;  or,  vimalnr  inT"" 
(rndlnienl  of  ilia  heut);  /.  lanirlla  oT  the  npturned  amnlnn;  M.  dellplta  bday-Hrliy:  hi.  Irant- 


the  anus.  Between  the  two  sections  lies  the  segmenti'd  primary 
trunk-segment,  which  in  insects  consists  of  17  segments.  Of  these 
the  three  most  anterior  are  those  destined  to  bear  the  mandibles  and 
two  pairs  of  inaxillie;  the  three  following  are  tlie  thoracic,  which 
are  succeeded  by  10  alKJoniinal  segments,  besides  tlie  11th  or  telson 
(pygidlum,  or  aiiranal  jilate). 
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It  is  now  generally  believed  that  there  are  primarily  eleven  abdominal  eeg' 
ments,  while  Heymona  has  detected  twelve  In  the  embryos  of  Blattide  aud 
Forflcnlft  (see  p.  102).  In  the  later  stages  of  embryonic  development  the  num- 
ber of  abdominal  segments  is  diminished,  the  lOtb  and  lllh  abdomiLial  segmeuu 
becoming  fused.  In  ilydrophihis  and  Lina  this  ia  tlie  case,  but  accorduig  lu 
Graber,  in  the  Lepidoptera  there  is  a.  fusion  of  the  tith  and  10th  abdominal  seg- 
meots,  the  11th  reuiahiing  free. 

According  to  Wheeler,  in  Uorypliora,  and  also  in  Challcodoma  (Camferet. 
between  the  primary  head-ri^ion  and  the  mandibular  segment  is  interpolatHl  i 
rudimentary  and  transitory  body^segment,  the  premandibular  segment.  Ac- 
cording to  Carri^ro  this  segment  corresponds  to  a  rudimentary  pair  ul  limb>. 
and  also  to  a  ganglion,  wlilch  participates  in  the  formation  of  the  tBsophageal 

The  procephalic  lobes. — The  head-lobes,  or  proeephalic  lobes,  ai>- 
peax  at  a  very  early  period  (Fig.  524,  let),  before  auy  traces  of  the 


Fm.  cm.  —  Thrvs  einbryoDle  ttagonfA  l«Br-brrlli!  (Llna) :  A.  unugmential  prlmltlrp  'irHk: 
In  B  uA  f"  the  wmnvnlntlon  ber«iw«  dlallnct  un  Ihr  Inmr  Wfr  (b).  B.  with  llio  ktiii,-  .>f  thr 
rnUlial  M'pii<tnt>  a'-li"").  uhI  In  C  Ibp  Ibiw  Ihiirwlc  luvmcntK  {f~l"'i.  wtlh  Ihc-  tiii  tan 
■MoniliMl  seirm.>nt»  (.c,  «■'):  M.  MsiHoiwrc:  H.  \itaA.\»U-t:  tt.  c-xten.lon  at  Ihr  nrlmltlvc  ttrot 
Inlu  the  Ihiirni'lc  iTjiliiii.  —  Alt* p  (ifat^r,  fmni  Kiirarhek  nnil  lleUlcr. 

segments  of  the  trunk  region.  Ayers  has  shown  tliat  in  (Ecanthus 
tlie  primitive  band,  in  its  earliest  condition  and  before  the  appear- 
ance of  the  head-lobes,  is  a  simple  oval  plate  or  almond-shapeil 
thickening  near  the  posterior  end  of  the  egg  (Tig.  fi25,  i,  i).  This 
plate  is  "soon  divided  into  two  tolerably  well-marketl  regions  by 
the  enlargement  of  the  Itead-eud,"  the  first  indication  of  the  head- 


THE  PROCEPHALTC  LOBES 


545 


lobes  (s).  A  depression  next  forms  in  what  is  to  be  the  middle  of 
the  forehead.  "  It  indicates  the  position  of  the  future  labrum,  and 
forms  the  inner  boundaries  of  the  two  cephalic  ganglia,  which  are 
developed  on  either  side  of  tliis  depression  at  a  much  later  stage." 
Almost  simultaneously  with  the  appearance  of  this  depression,  two 
lateral  folds  are  formed  in  the  trunk  portion  of  the  baud,  which  are 
tlie  first  iudit-ations  of  the  maxillary  and  thoracic  regions,  the 
abdominal  portion  not  yet  showing  traces  of  a  division  Into  seg- 
ments  (Fig.  525,  6),      The  thickened  outer  edges  of  the  head- 


ibryn.  x  !5;  4.  n 
„  .  ..  IbkU  x»1:.Vsii 
Incll}'  inuknl  otT;  (bn  Ave  Cli 


nl  IVi!r1s,  X  M);  G.  rmtnl  view  m  tiic  nnnryo 
It.  X  iTt  lilii-  mbryd  In  Ihti'  titfv  lleii  dnraiBnt 
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cJ),  rhnrlnn:  (ih.  jirlmCtlvo  band:  l/.  hnln-fiild :  yl,  ynik;  If,  caudol  fbid:  l!f.  hi 
fcphaHp  lohrt  i  p.  fit.1.  [.rimlllTe  tbomdc  lUd  i  p./S.m.  primltlvK  inBillUin-  fold :  p 
Utr   Bbclomlnil   f:ilil:    sA.r,  abdomliul  mnsirletfoii ;  Le.   thariKlc  r<in*irlclluii ;   a 

lobr;  Jf,  memlcrm;  K.ff.lKwl  mmn';  m".  moilUi;  i^.lDvm 

■imlrins:  mil.  mdlment  of  inudlbk i  nr'.  l»t.  w*.  M  muiUs: 
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fold  next  gradually  grow  in  towards  the  median  line  (Fig.  Ti'lTt,  s), 
and  bend  forward  towards  the  region  of  the  fiiture  mouth. 
The  rounded  angle  made  by  the  posterior  end  of  the  head-fold  is 
the  first  indication  of  the  antenna.  The  embryo  is  now  composed 
of  four  well-markpd  regions:  cephalic,  maxillary,  thoracic,  and 
abdominal.  The  primitive  band  tiien  grow-s  much  longer,  the 
primitive  mouth  and  anus  appear,  and  the  appendages  bud  out, 
and  eventually  the  embryo  revolves  and  appears  on  the  ventral  side 
of  the  egg  (Fig.  525,  i). 
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These  primitive  regions  ot  the  primitive  band,  before  the  Begments  ore  fotmH, 
are  called  by  Grabet  laarrimomitet,  and  the  secondary  segments  into  vbicb 
they  divide  (which  atlerwards  become  tlie  body-eegnienls) ,  microaomita.  The 
macroaomite^  are  peculiar  to  insects,  and  may  be  an  inheritance  from  a  bvjn- 
tbetical  ancestral  form.  With  Korschelt  and  Helder,  we  should  hardly  slian 
thin  view. 


Our  observations  on  locusts  show  clearly  (1)  that  the  procephalie 
lobes  are  the  pleural  portion  of  the  first  cephalic  or  antenual  seg- 
ment; (2)  that  the  antenna  is  an  ap^iendage  or 
outgrowth  of  the  procephalie   lobes;    (;})  that 
the  eyes  are  a  specialized  group  of  epidermal 
cells  of  the  upjier  jiart  of  tlie  procephalie  lobes, 
and  are  not  homologues  of  the  antennte  or  of  the 
appendages  in  general;  and  (4)  it  seems  to  fol- 
low from  a  study  of  the  relations  and  mode  of 
dRvelopmeut  of  the  clyjjeus  and    labruiu,  that 
they  arise  between  the  procephalie  lobes,  aoJ 
probably    rejiresent    the     tergal    jiart    of    the 
anteunal    segment,    forming    the    roof   of  the 
mouth,  I.e.  closing  in  from  above  the  pharynx. 
In  general  the  formation  of  the  body -segments 
into  the  primitive  band  is  in  succession  froiu 
before   to   the   hinder   end.      This    successive 
appearance  has   been    observed   by   firaber  in 
genera  of  different  oitlers  (Stenolwtbrus,  Lina. 
and  Hylotoma).      For  example,   in   the  beet)* 
Lina,  after  the  appearance  of  the  mandibular 
and  two  muxillarj-  segments,  apjiear  the  thrw 
tliora(-ic  segments,  together  with  the  two  antt^- 
rior  abdominal  segments,  the  other  abdominal 
segments  arising   afterwards.      In  other  cases, 
the  formation  of  segments  seems  to  be  siinul- 
tiineous  along  tlie  entire  length  of  the  priini- 
vv..  Mfl. -iHrtpr  wii-  tive  hand.      An  exception  to  the  rule  has  l-em 
•i'ii^nd«,^""hii'rirt.S "o'm'i  noticed  by  Heider   in  Hydrophilus,  as  in  tlii* 
iinH :  "/'./.'.''"hw 'pB™  <iX  beetle  the  development  of  the  segments  of  t!w 
HIl'Ii.i"*  i'lii.  ''mta^T'—  middle  region  appears  somewhat  ilelayed.  while 
AfiiT  .\j-eT».  jjjg  jj^^g  j^u^]  hind  parts  of  the  primitive  banil 

are  more  rapid  in  development.  In  Pieris,  according  to  (JraWr. 
tlie  thoracic  segments  are  more  rapidly  developed  than  the  others, 
soon  after,  tlie  gnathic  segments  (mandibles  and  two  paire  >'■ 
muxilhe)  a]ipear,  and  finally  the  :ib<lominal  segments  are  furiiini. 
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Fore-intestine  (stomodieum)  and  hind-intestine  (proctod«uin),  L«bnun. 

—  Thu  digestive  canal  of  insects  consists,  as  in  other  animals, 
of  three  portions,  the  fore,  mid,  and  hind  gut  or  intestine. 
The  next  change  after  the  completion  of  the  segments  of  the 
primitive  band  is  the  development  of  the  fore  aud  hind  intestine 
and  the  appendages.  The  fore- intestine  (stomodxum)  arises  as  an 
invagination  in  the  area  of  the  primary  head-section,  aud  the  hind- 
intestine  (proctodseum)  in  the  terminal  section  (Figs.  300  and  546), 

111  insecla  generally  the  toniiation  of  the  fore-intestine  occurs  earlier  than 
that  of  the  hind-inleatine.  An  exception  was  discovered  by  Graber  and  also 
by  VoeltzkovT  in  Muscidie,  where  the  proctodeeum  appeal's  earlier. 

Usually  at  the  time  of  origin  of  the  stomodfeum  a  projection 
arises  at  the  anterior  edge  of  the  primary  head-region,  the  so-called 
fore-liead  (Fig.  527,  vk), 
which  is  tlie  common  rudi- 
ment of  the  clypeus  and 
labrum.  In  many  cases 
(certain     Coleoptera     and  :, 

Lepidoptera)    these    rudi-  ■' 

ments     lirst    assume    the  . 

form  of  paired  hooks  (see  .^ 

Figs.  83,  102,  104,  105,  of  > 

Graber's    Keimstreif    der 
Insekten,    also    Figs.    529  t 

and    54G),      whicli     after- 
wards,   by   fusion    in   the  o 
median    line,     become 
single,  though  notched  in 
the    middle;    but    in    the 
more    generalized     Blatta                               ' 
and  Mantis,  as  well  as  in 
bees,  the  rudiment  is  sin- 
gle at  the  outset.                                    F><>.  -"WT.  -  Umllmfnl*  of  the  B|.i".nc1iw<>«  ..f  iIk'  I'lii- 
•nr".   IM,  m*!,''»l'"ma"ilia;    rV  "I'viZ^l'  reiri""  ; 'i"-' 

The  view  advanced  bv  Patten,  rnniiU;  />' M  ii'in-;  I'^i-'.  rudimnii*  at  iiiHiominui 
and  also  by  Carriftre,  that  the  S!,'I,',';TZr  '*'*'■  ""*""''  •'■  """'■-■^'"■''  "''''''•'"■ 
labriun  is  a  flrst  pair  of  an- 

leimx,  is  scarcely  tenable,  and  we  qiiitt' agree  with  Korschelt  and  Heider  in  reftard- 
ing  the  clypeo-labral  refrinn  as  homoli>KouR  with  the  up{>er  lip  of  Crustacea, 
and,  we  may  add,  of  Merostomes  and  of  Trilobiles. 

It  shouUI  be  observed  tliat  in  many  insects,  in  their  earlier  embrynnic  »lale, 
directly  behind  the  month  arises,  from  pnired  rudiment;!,  what  seem  pn>vlxiniial 
lower  lip  structures  (not  to  be  confounded  with  the  2d  maxilla:  of  iiisei^ts).  This 
under  lip  structure  was  first  discovered  by  Biltschli  iu  the  bee  (his  inner  or  :i<l 
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antennae),  and  afterwards  by  Tichomiroff  in  Lepidoptera.  Heider,  in  his  wod 
on  Hydrophilus,  describes  it  as  the  **  lateral  mouth-lips,"  while,  more  recenily, 
Nusbaum  has  observed  it  in  Melo6.  This  under  lip  structure  may  be  regarded 
as  analogous  to  the  paragnaths  of  Crustacea,  although  to  attempt  to  homologiie 
it  with  these  seems  useless.     (Korschelt  and  Heider.) 

Completion  of  the  head.  —  Sufficient  attention  has  not  been  paid  to 
this  subject  by  embryologists.  The  head  is  at  first,  dorsally,  mostly 
composed  of  the  head-lobes,  or  antennal  segment  only,  and  the 
dorsal  or  tergal  portion  of  the  oral  appendages  develop  at  a  later 
period.  We  have  observed  in  the  embryo  of  dragon -flies  (iEschna) 
that  the  tergites  of  the  mandibles  and  first  maxillae  are  simul- 
taneously fused  with  the  head-lobes,  while  the  much  larger  tergal 
region  of  the  2d  maxillae  remains  for  some  time  separate  from  the 
anterior  part  of  the  head,  and  is  continuous  with  the  thoracic  seg- 
ments, and  it  is  only  just  before  hatching  that  this  segment  becomes 
fused  with  the  rest  of  the  head  (Fig.  36).  In  a  sense,  the  2d 
maxillary  segment  when  it  is  free  from  the  head  reminds  us  of  the 
foot- jaw,  or  5th  segment  of  chilopod  myriopods  (see  also  p.  53). 


gr.  The  appendages 

As  we  have  seen,  nearly  or  quite  simultaneously  all  the  limbs 
as  a  rule  bud  out  from  each  side  of  the  median  line  of  the  primitive 
band.  They  arise  as  saccular  evaginations  or  outgrowths  of  the 
ectoderm,  directed  a  little  backwards.  They  are  at  first  filled  with 
mesoderm  cells,  and  in  the  Orthoptera  diverticula  of  the  eoelom- 
sac  are  taken  up  into  the  rudimental  limbs,  as  in  Peripatus  and 
Myriopoda.  (Graber,  Cholodkowsky.)  As  the  antennae,  mouth- 
parts,  legs,  and  abdominal  appendages  are  all  alike  at  first,  their 
strict  homology  with  one  another  is  thus  demonstrated.  In  insects 
never  more  than  a  single  pair  of  limbs  is  known  to  arise  from  one 
segment. 

The  cephalic  appendages.  —  The  antennae  evidently  arise  from  the 
hinder  edge  of  the  procephalic  lobes  (Fig.  527,  an).  As  in  Limulus. 
the  first  pair  of  appendages  are  at  first  post-oral  (Fig.  ry*29^^  o/V 
afterwards  moving  forward  owing  to  changes  in  the  relative  propor- 
tions of  the  parts  of  the  head,  and  they  are  in  all  respects,  in  their 
development  and  position  in  relation  to  the  segment  from  which 
they  arise,  homologous  with  the  appendages  succeeding  them. 

The  occurrence  of  rudiments  of  a  pair  of  preantennal  appendages  in  Cbalic^ 
doma  which  is  claimed  by  Carri^re,  needs  confirmation,  as  other  embryolofitfs 
have  not  observed  them. 
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The  post-oral  appendages'  of  the  head  are  the  mandibles  and  the 
Ist  and  2d  maxillfe,  besides  the  supposed  premandibular  segment 
already  referred  to  on  pp.  50-54,  which  only  temporarily  exists. 

The  trophi  or  oral  appendages  are  all  alike  at  first,  but  soon  differ 
in  shape,  acquiring  their  characteristic  form  shortly  before  the 
embryo  leaves  the  egg.  The  mandibles  of  CEcanthus  are  said  by 
Ayers  at  the  time  of  revolution  of  the  embryo  to  be  slightly  bilobed, 
and  in  hia  Fig.  5,  PI.  19,  they  are  represented  as  deeply  trilobed, 
but  in  general  they  are  undivided.     The  1st  maxills  are  at  this 
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time  distinctly  trilobed.  The  2d  maxillse  are  separate,  and  dis- 
tinctly though  unequally  bilobed,  becoming  united  shortly  before 
birth*.  In  the  embryos  of  dragon-flies  they  are  at  an  early  date 
verj'  large  and  long,  and  directed  backwards,  and  are  not  fused 
together  until  just  before  hatching,  when  the  extraordinary  mask. 
shaped  labium  is  fully  develojjed. 

The  distal  parts  of  the  labium,  such  as  the  Hgula,  palpifer,  and 
palpus  are  elaborated  before  the  mentum  and  aubmeutum.  Many 
details  as  to  the  tinal  changes  in  the  mouth-parts  before  hatching 
remain  to  be  worked  out. 
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The  thoracic  appendages.  —  The  three  pairs  of  legs  arise  at  the  same 
period  and  in  the  same  manner  in  all  insects;  it  is  not  until  the  end 
of  embryonic  life  that  they  become  jointed,  and  that  the  claws  and 
onychia  are  developed.  Especial  attention  has  not  yet  been  given  to 
the  details  of  the  development  of  the  parts  of  the  last  joint  of  the 
tarsus. 

In  many  forms  the  antennse  are  the  first  to  appear,  the  mandibles,  nuLzUIs, 
and  legs  appearing  at  a  latter  date,  though  simultaneously.  It  is  thus  iu  Steno- 
bothrus,  Hydrophilus,  and  Melolontha.  In  Lina,  according  to  Graber,  the  man- 
dibles precede  the  antennae  in  appearance.  In  the  Libellulidie,  according  t> 
Brandt,  the  legs  first  appear,  then  the  jaws,  and  lastly  the  antennae.  This  dki 
not  seem  to  be  the  case  in  the  embryos  of  JEschna  observed  by  us,  although  «^iit 
observations  were  more  superficial. 

On  the  otlier  hand,  in  those  insects  whose  larvse  are  footless,  the  rudiroeDi^ 
of  the  legs  are  retarded  and  aborted  just  before  hatching  (fossorial  HymenopCfn 
and  Apidae),  or  the  rudiments  of  the  legs  are  not  developed  at  all. 

The  abdomhial  appendages.  —  These  appear  soon  after  the  thonu?:** 
limbs,  corresponding  in  most  cases  to  the  latter  in  shape  and  fK.»>i- 
tion,  and  their  position  in  the  embryo  is  a  matter  of  the  j;jreat4fst 
interest.  Von  Rathke  was  the  first  embryologist  to  detect  tlios^  u! 
the  first  abdominal  segment,  in  his  examination  of  the  development 
of  Gryllotalpa.  Long  afterwards  Biitschli  detected  them  in  x\r 
embryo  of  the  honey-bee,  observing  a  pair  on  each  segment.  Pattf-L 
observed  them  in  Trichoptera;  Kowalevsky  first  perceived  tht^m  :t 
Lepidoptera,  Tichomiroff  confirming  his  observations.  (iraWr, 
Ayers,  and  Wheeler  have  observed  them  in  Orthoptera  and  (Tole^;- 
tera,  and  the  latter  has  detected  them  also  in  Hemiptera  sLi 
Xeuroptera;  and  while  they  do  not  arise  in  the  embrj'os  of  DiptMi 
and  of  Siphonaptera,  they  are  to  be  looked  for  in  any  or  all  tl- 
lower  or  more  generalized  orders. 

As  the  result  of  these  discoveries  of  polypodous  embryos  oceiirruiz 
in  all  but  the  most  specialized  order  (Diptera)^  it  a]n>ears  to  W  * 
rational  deduction  that  the  winged  insects  have  des(»endeil  fr-  3 
insects  in  which  there  were  functional  legs  on  each  abdominal  -'•-c- 
ment.  Such  an  ancestor  was  the  forerunner  of  the  Tliysanuri  .: 
which  abdominal  locomotive  appendages  still  survive,  tliouich  m  - 
modified,  more  or  less  aborted  condition.  This  polypodovis  anct^tn 
form  was  apparently  allied  to  Scolopendrella,  which  has  a  |viir .  • 
functional  legs  on  each  abdominal  segment. 

The  subject,  then,  of  polypodous  embryo  insects  is  one  of  special  inierr^ 
and  has  attracted  mucli  attention  from  Graber,  Wheeler,  Haase,  aiid  i^t-^ 
That  these  are  genuine,  though  transitory  appendages,  is  shown  by  tht*  fa.t  *.  ■ 
certain  pairs  persist  throughout  adult  life.     The  embryology  of  the  Th>s 
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when  worked  out  will  throw  much  light  on  this  subject,  but  we  know  that  the 
spring  (elater)  of  Collembola  (and  possibly  the  collophore)  and  the  cerci  of  the 
winged  insects  are  survivals  of  these  limbs.  That  the  three  pairs  of  appendages 
forming  the  ovipositor,  or  sting,  are  most  probably  derived  from  these  appendages 
is  claimed  by  Wheeler  (p.  167),  and  seems  proved  by  the  fact  that  Ganin  and 
also  Bugnion  has  detected  three  pairs  of  imaginal  disks  in  the  embryo  of  para- 
sitic Hymenoptera.  Hence  the  abdominal  appendages  may  ultimately  be  found 
to  arise  in  nearly  all  cases  from  imaginal  disks  like  those  giving  origin  to  the 
cephalic  and  thoracic  appendages. 

As  regards  the  Diptera,  Pratt  has  observed  that  each  of  the  three  thoracic  and 
eight  abdominal  segments  of  the  embryo  brachycerous  Diptera  (seen  especially 
well  in  Melophagus)  has  two  pairs  of  imaginal  disks,  a  dorsal  and  a  ventral  pair. 
He  thinks  there  is  no  doubt  but  that  the  ventral  abdominal  disks  are  homologous 
with  the  rudimentary  appendages  which  appear  in  the  embryos  of  all  other 
insects,  though  not  in  the  brachycerous  dipters. 

Appendages  of  the  first  abdominal  segment  (pleuropodia).  —  As  early 
as  1844  Rathke  observed  in  the  embryo  of  the  mole-cricket  a  pair 
of  appendages  on  the  1st  abdominal  segment,  which  he  described 
as  mushroom -shaped  bodies,  and  supposed  to  be  embryonic  gills. 
They  are  called  pleuropodia  by  Wheeler,  who,  with  Patten,  Graber, 
and  Xusbaum,  ascribes  a  glandular  function  to  them,  while  Wheeler 
suggests  that  they  were  odoriferous  repugnatorial  organs.  In  Blatta 
(Phyllodromia)  they  are  of  large  size,  in  Melolontha  enormous  (Fig. 
528,  B)  and  filled  with  blood.  Wheeler  distinguishes  as  varieties, 
beside  tlie  mushroom-shaped  appendages  of  Gryllotalpa  and  Hydro- 
philus,  the  reniform  ((Ecanthus),  the  broadly  pyriform  (Blatta),  and 
the  elongate  pyriform  {Mantis  Carolina).  In  the  European  jVIantis 
they  are  most  limb-like,  with  a  digitiform  continuation  divided  by 
a  constriction  into  two  sections.  (Graber.)  In  Meloe  they  assume 
the  shape  of  a  stalked  cup.  (Nusbaum.)  In  the  bee  and  in  Lepi- 
doptera  the  pleuropodia .  are  not  j)resent,  though  the  temporary 
appendages  on  the  succeeding  segments  appear;  Carriere,  however, 
found  them  on  the  two  first  abdominal  segments  of  very  young  larvae 
of  the  wall-bee  (Chalicodoma). 

Their  cellular  structure  is  peculiar,  and  they  are  either  formed 
by  evagination  or  invagination,  those  of  the  latter  type  being  sub- 
spherical  and  solid.  Those  of  the  former  type  have  a  cavity  com- 
municating by  means  of  a  narrow  duct  through  the  peduncle  with 
the  body-cavity  (Blatta).  No  tracheae,  nerves,  or  muscles  enter 
them,  though  blood-corpuscles  have  been  seen  in  the  cavities.  "  In 
some  species  the  pleuropodia  produce  a  secretion  from  the  ends  of 
their  enlarged  cells.  This  secretion  may  be  a  glairy  albuminoid 
substance  (Cicada,  Meloe),  a  granular  mass  (Stenobothrus),  a  bun- 
dle of  threads  (Zaitha),   or  a  thick,  striated,   cuticula-like  mass 
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(Acilius)."  They  attain  their  greatest  size  during  the  revolution  of 
the  embryo,  and  they  are  "  mere  rudiments  of  what  were  probably  it 
remote  ages  much  larger  and  more  complex  organs."     (Wheeler,) 

Lameere  has  observed  tbat  in  Phyllodromia  the  first  pair  of  abdominal  ipjiai- 
dages,  afwr  becoming  of  considerable  size,  undergo  an  enlargement  at  Iheit  fiw 
end,  become  detached,  and  fall  into  the  amnion. 

Wheeler  also  calls  attention  to  the  homology  of  these  pleuropodia  wilh  the  Is 
abdominal  apjiendages  of  Campodea,  shown  by  ilaase  to  be  originally  glasdalir, 
but  with  at  present  a  respiratory  function.  In  the  embryos  of  later,  bigbn 
orders  of  insects,  these  append^es  are  in  size  and  shape  aimilar  U>  those  ol  lb 
eucceeding  segments.     (See  also  p.  Iti4.) 

Are  the  abdomiiul  legs  of  larval  Lepidoptera  and  pbytophagoa*  Hpi» 
optera  true  limlu?  —  The  piesence  of  these  abdominal  legs  in  the 
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embryos  of  Sphinx  (Kowalevsky),  of  Bombyx  mori  {Tif^Uont'iToS)-  •"'' 
both  Bombyx  mori  and  GantropacJia  quercifoUa  (except  those  of  tx 
first  segment),  as  well  as  in  Hylotoma,  which  has  11  pairs  of  sar!; 
appendages,  has  suggested  that  the  prop  or  prolegs  of  cat^rpill*'' 
and  saw-fly  larvae  are  survivals  of  these  outgrowths,  and  not  seci'o^' 
ary,  adaptive  structures.  Opinions  on  this  point  vary.  Balfonr,  w' 
also,  more  recently,  Cholodkowsky,  hold  that  the  prolegs  are  f" 
vivals  of  the  embryonic  appendages.     Graber  cautiously,  atwf » 
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lengthy  and  interesting  discussion,  says  that  the  question  cannot 
be,  in  the  present  state  of  our  knowledge,  solved.  He,  however, 
seems  inclined  to  believe  that  the  prolegs  are  not  merely  secondary 
structures,  and  that  the  rudiments  of  limbs  may  remain  for  a  long 
time  in  a  latent  state  before  their  final  development.  Korschelt 
and  Heider  are  disposed  to  regard  the  abdominal  appendages  of 
Lepidoptera  and  Hymenoptera  as  true  limbs,  referring  to  Balfour's 
statement  that  in  the  Crustacea  there  are  different  examples  of  the 
loss  and  later  appearance  of  limbs,  such  as  the  loss  of  the  man- 
dibular palpi  of  the  zoea  of  decapods,  and  the  loss  in  the  zoea  of 
appendages  in  the  Erichthus  form  of  the  Squilla  larva  correspond- 
ing to  the  third  pair  of  maxillipedes  and  first  two  pairs  of  legs  of 
Decapoda,  and  which  are  afterwards  reproduced;  similar  cases 
occurring  in  the  Acarina.  In  the  wasps  and  bees  also,  as  is  well 
known,  the  imaginal  disks  of  the  thoracic  appendages  appear,  the 
legs  themselves  being  suppressed  in  the  larva  (the  imaginal  disk 
probably  existing  in  an  indifferent  state),  to  reappear  in  the  pupa 
and  imago.  It  does  not,  however,  necessarily  follow  that  the  nu- 
merous pairs  of  hooked  ventral  tubercles  of  certain  dipterous  larvae 
(Ephydra)  are  true  appendages. 

It  seems  to  us  that  it  is  a  strong  argument  for  the  view  that  these 
prolegs  are  survivals  of  primitive  limbs,  that  from  similar  embryonic 
paired  outgrowths  on  different  segments  arise  the  spring  of  Podu- 
rans,  the  anal  cerci,  and  three  pairs  of  appendages  forming  the 
ovipositor,  and  the  anal  legs  of  the  Corydalus  larva,  as  well  as  those 
of  caddis-worms  ;  at  least  five  abdominal  segments  throughout 
the  class  of  insects  as  a  whole  bearing  appendages  in  the  adult. 

On  the  other  hand  the  view  of  Haase,  that  the  prolegs  of  cater- 
pillars are  secondary,  adaptive  characters,  is  su])ported  by  the  fact 
of  the  rapidity  with  which  two  pairs  on  the  3d  and  4th  segments 
nearly  disappear  in  the  larvae  of  certain  Noctuidae  (Catocala,  etc.), 
a  reduction  evidently  due  to  disuse. 

The  trachece.  —  The  tracheal  system  arises  as  ectodermal  invagina- 
tions on  one  side  of  the  appendages,  appearing  soon  after  the  latter. 
The  earliest  condition  of  the  tracheal  invagination  is  seen  in  section 
at  Fig.  539,  Ej  tr\  as  it  deepens,  it  sends  off  diverticula  or  tracheal 
branches,  while  the  narrow  mouth  of  the  invagination  forms  the 
stigma.  The  cup-like  cavities  situated  serially  one  behind  the  other, 
and  arising  from  the  single  tracheal  invaginations,  become  at  the 
end  or  bottom  of  the  cup  elongated  along  the  length  of  the  body  and 
fused  together  at  their  ends;  then  the  two  longitudinal  stems  of 
the  system  arise,  by  a  breaking  through  at  the  place  where  the 
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original  invagination  had  become  fused,  thus  forming  a  continuous 
tube,  the  lumina  opening  into  each  other.     (Biitschli.) 

The  cuticular  tracheal  intima  is  differentiated  late  in  embryonic 
life.  The  entrance  of  the  air  is  accomplished  in  part  before  the 
embryo  hatches,  the  air  being  derived  from  the  tissues  and  fluids  of 
the  body. 

The  farther  development  of  the  tracheal  branches  is  due  to  the  progressiTe 
formation  of  diverticula.  The  branches  thus  arising  are  intercellular  f ormatioD^. 
On  the  other  hand,  the  finest  twigs  are  intercellular  structures.  However,  as 
Schaeffer  states,  the  differences  between  the  two  modes  of  formation  are  not 
important. 

Wheeler  mentions  the  existence  of  *^two  pairs  of  very  indistinct  tracheal 
openings  in  the  10th  and  11th  somites  **  of  the  abdomen  of  Doryphora  (Fig.  516, 
t  iOy  t  2o),  and  Heider  believes  that  they  exist  in  Hydrophilus. 

The  tracheal  invaginations  as  a  rule  begin  to  appear  after  the 
appendages  commence  to  bud  out.  An  exception  is  met  with  in  the 
bee  (Apis),  where  the  tracheal  ingrowths  are  seen  before  the  rudi- 
ments of  tlie  legs.  Most  of  the  tracheal  invaginations  appear 
simultaneously.  Only  rarely  do  we  see  an  indication  of  their  suc- 
cessive development  from  before  backwards.  Thus  in  Hydrophilus, 
Graber  observed  that  the  mesothoracic  stigmata  appeared  somewhat 
earlier  than  those  of  the  other  segments. 

h.  Nervous  system 

The  rudiments  of  the  nervous  and  tracheal  systems  essentially  con- 
tribute to  the  building  up  of  the  relief  of  the  primitive  band  of 
insects.  The  nervous  system  is  the  earliest  to  appear,  being  indi- 
cated very  early,  in  fact  before  the  appendages  begin  to  grow  out. 
The  first  traces  of  the  nervous  system  are  two  ridges  extending 
along  the  primitive  band,  the  depression  between  them  being  called 
the  primitive  furrow.  At  an  early  period  the  segmentation  b* 
observed  in  the  primitive  ridges,  while  widened  spaces  (the  rudi- 
ments of  the  ventral  ganglia)  alternate  segmentally  with  the  narrt>v 
places  which  are  the  incipient  longitudinal  commissures  (Fisj. 
527,  A,  g). 

The  primitive  ridges  extend  anteriorly  into  the  head-lobes ;  this 
part  must  be  regarded  as  the  rudiment  of  the  oesophageal  commis- 
sure. The  rudiments  of  the  brain  are  from  their  first  appearaiu^ 
directly  connected  with  the  ventral  chain  of  ganglia.^ 

^  Will  (Aphis)  and  also  Cholodkowsky's  statement  (Blatta),  as  well  ms  Balfour  aad 
Schimkewitch's  Htatements  that  the  brain  is  at  first  disconnected  from  tlie  reatnl 
cord,  are  apparently  erroneous. 
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Completion  of  the  definite  form  of  tbe  body.  —  Thi;  is  accoiaplislie<l 
by  the  growth  of  the  primitive  band  around  the  yolk,  the  band 
widening,  so  that  its  edges  behind  the  head  extend  up,  and  finally 
meet  on  the  back,  forming  the  ba«k  or  tej^fum  of  the  embryo,  tlius 
enclosing  the  yolk  (Fig.  530,  F).  The  tergal  wall  of  the  head  is 
due  to  the  dorsal  growth  of  the  head-lobes,  and  of  the  clypeo-labral 
region.     In  the  course  of  this  process  the  anterior  end  of  the  primi- 


rtr..  lisn.  —  Dlopnin  nf  thi'  fnnniilliiii  "f  Ihf  AothH  ..ncan  In  Uyrtrnphllm.  A.  erojs-.MIIon 
thmuetaiiie|ie,wba»|ir4iultiv<'>4rviik  la ftlll  covmHl  nvrr  h.r  ■irinlnii  (iiijuid  mtomi  (>i.  il.  miinlan 
■nil  rrrtm  uk  (rown  t"»lh.T  In  %\ir  nitddle  Hnf,  lliTii  wfatntHl  mil  ilrtwn  twk  In  frniii  ■  Tulil  un 
(Hh  ridi',  ('.  by  tbr  HutiHtlun  of  Ihe  irniM  (kI,  whiph  N'oonifia  cnnivrtHl  Into  the  duiHl  liliitii, 
thp  fnld«  brnmir  rtnwn  nii  dniKtily.  /».  the  nmusclrd  turcm  hunanet  |«rtl.v  ■•vencninni  h.v  Iha 
fiiMii.  E,  thr  ftMK  Erom'  bvrther  la  tuna  tbr  dorul  tuhp.  F,  One  IDld-itDt  tm.  cI>»m(  iivfr  ilnrMUr 
mn<l  rnclnfed  the  diiTMl  In  be  OH  a.  imnlnii;  d,  riilli;  «■,  wliMlmn;*,  Ix^l:  '-  l">rt.v  .■•vlry; 

dn'rul  liihr>;  Ir.  lbs  chief  InrhHl  ateni.  —  AlWr  Unbrr  inil  Kowiksv>k)'.  from  Uuik-  Hiiit  Kiir- 
Hht^li  anil  Ili-Mrr. 

tive  band  becomes  turned  up  dorsally,  forming  a  dorsal  eurve  or 
bend.  By  this  bending  up  of  the  primitive  band  the  forehead  near- 
est the  mouth  forms  a  transverse  ridge,  the  labruni,  while  .the  basal 
or  earlier  part  of  the  forehead  now  is  differentiated  into  the  c)yi>eus. 
This  clypeo-labral  region  likewise  forms  the  roof  or  palatal  region 
of  the  mouth.  The  head-lobes  cause  by  this  dorsal  growtli  a  rotat- 
ing motion  which  carries  the  rudimental  antennsB  back  over  the 
mouth. 
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The  gnathal  or  post-antennal  segments  a,t  first  bear  but  a  smdl 
part  in  completing  tlie  tergal  region  of  the  head,  but  shortly  before 
hatching  the  mandibles  and  their  muscles  enlarge,  giving  fulness 
to  the  upper  and  back  part  of  the  head. 


i.  Dotsal  oIOBure  and  lUTOlution  of  tb«  smbiyoiilo  membraiiM 

In  most  other  Arthropoda  (Crustacea,  Arachnida,  Myriopoda,  etc.) 
development  goes  on  by  the  formation  of  a  so-called  primitive  baud, 
^^  but  without  the  appearance  of    peouliai 

embryonic  membranes.  The  outer  surface 
of  the  entire  egg  becomes,  then,  in  part 
covered  by  the  band-like  embryonic  germ, 
and  partly  by  a  portion  of  the  blastoderm 
which  remains  unchanged.  The  dorsal 
region  is  formed  by  the  widening  and 
spreading  of  the  primitive  baud  over  the 
greater  part  of  the  surfjice  of  the  egg. 
while  the  area  of  the  unchanged  sectiou 
of  the  blastoderm  continually  becomes 
more  restricted.  It  is  generally  aceept«i 
that  the  latter  is  concerned  in  the  dorsal 
closure,  because,  together  with  a  histo- 
logical transformation,  it  becomes  in* 
Fio.  Ml  — Bchomatic  fleHrac^  volved  in  the  formation  of  the  ectoderm 
by  LnrngtiMiioa  of  ihc.  cior»i  pkio   of  the  primitive  band. 

(IrftnsfiriniHl    wrciAai  \     roUMM-lnir  ^ 

■ftcr  ■Uin-- FT[^.  KM.  < '.  and  KIk,  021, 

/>:  iin-,  Mniikn  (nn«  to™inK  ib«  A  similar  form  of  retrograde  stnicture  pos^ 
MMiib*.  whoM  cell*  ure'iilnsidv  Wy  occurs  in  the  embryiw  ot  Pixluridie,  in  whicli 
»ThqM '*'''"  ~  *'"'  "■""'**'''  »  dorsal  oi^n  litis  been  observed  to  develop  in 
an  early  embryonic  stage,  which  bears  »me 
relation  to  the  cuticula  enveloping  the  embryo,  but  whose  significance  '»  in 
general  rather  obscure. 

Ill  most  insects  the  relations  are  more  complicated,  since  in  such  CMies.  'h( 
amnion-folda  rise  on  the  edges  of  the  primitive  band  and  of  the  anchaniCF«l  »«- 
tion  of  the  blastoderm,  vfhoae  retrograde  development  is  intimately  connecltJ 
with  the  closure  oC  the  back. 

A  very  simple  case  of  dorsal  closure,  but  which  certainly  is  noi  a  primilif 
one,  occurs  in  Muscidie  and  certain  oilier  Diplera  whose  amnion-folds  sre  Jt- 
veloped  in  a  rudimentary  nay.  In  this  case  (according  to  Kowalevsky  inii 
Graber),  the  amnion-folds  become  smoothed  out  again.  Amnion  and  M^>a 
become  then  a  simple  epithelium,  which  throughout  corresponds  to  ttie  unnii>Ji- 
fied  type  of  blastoderm  of  Crustacea,  Arachnidn,  and  Myriopoda,  and  here  «*n» 
to  share  in  the  formation  of  the  back.  More  complicated  and  very  manif'H 
relations  of  dorsal  closure  and  involution  of  the  embryonal  membranes  ooTii 
ill  other  insects,  of  which  Korschelt  and  Heider  dislinguiah  four  diflereut  Vjff*' 
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1.  Involution  under  the  formation  of  a.  continuous  dorsal  amnion- serosa-sac 
(Odoiiata). 

2.  Involution  witli  eiclusively  dorsal  absorption  of  tlie  amnion  (Dorj'phora). 

3.  Involution   with  exclusively  dorsal  absorption  of  serosa  and   eepnralion 
of  the  amniou  (CLironoinus  and  Triclioptera). 


4.  Involution  witli  separation  of  both  embryonic  membranes  (Lepidoptera 
ajid  Hynienoptera,  Ilylotuma). 

Tht;  first  type  occurs  in  the  most  primitive  order  of  winged  insecls.  The 
secbud  type  (Coleoptera)  appears  to  be  an  independently  inberited  form  of 


dorsal  closure.  In  the  first  vpe  the  formal  o  of  he  a 
initialed  by  a  rupture  of  the  t  vo  f  s  1  en  bryon  c  ne  b  i 
ill  the  ventral  middle  line  o  vixa  u      douata  only    n  t  e 
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eeclion.  In  the  second  type  only  the  amnion,  in  the  third  only  the  serosa  ue 
concerned  in  this  rupture,  while  in  tlie  fourth  type  both  membranes  remiiii 
^  intact   until   the   slipping  out  al  the  lim. 

(Korschelt  and  Heider.) 


j.  Formatloii  of  th«  gonn-UTeTi 

The  older  views  on  the  structure  of 
the  layers  of  the  primitive  band  of  iu- 
sects  were  thoroughly  unsatisfactorj. 
Biitsehli  first  found  that  in  the  bee,  by 
a  kind  of  folding  process,  an  inner 
layer  of  the  primitive  band  arose. 
Soon  afterwards  Kowalevsky,  by  the 
employment  of  section- cutting  9fA 
thorough  researches,  laid  the  founda- 
tion of  a  more  exact  knowledge  o£ 
these  liiyers.  He  found  that  in 
Hydrophilus  a  furrow  extended  aloiv; 
the  whole  length  of  the  [jriiuitive 
baud  (Fig.  515,  A,  B,  r),  which,  while 
invaginating  or  sinking  in,  gave  ri>^ 
to  the  inner  layer  of  the  jirimitive 
band,  i.e.  the  common  nidiment  of 
eudoderm   aud    mesoderm    (Fig.  TuS), 

Kowalevsky  also  fonnd  similar  con- 
ditions in  the  honey-bee  (Aj'i^l. 
Lepidoptera,  and  other  forms,  Tlif 
furrow  above  mentioned  must  be  ^ 
garded  as  a  very  long  gastnila  '\an,T 
iuatiou,  extending  along  the  entire 
ventral  side  of  the  embryo,  ami  ilif 
edges  of  the  furrow  as  a  long-drawn- 
out  blastopore.  The  tube  arising  in 
Hydrophilus  through  the  closing  fi 
the  furrow  we  may  regard  as  a  primi- 
tive intestinal  canal. 

The  first  rudiment  of  tlio  gastmli 
.,_     .  furrow  appears  in  insects  as  two  fi'l'i? 

iV\:  jt.  primitive  bin'l;  .        i-  i  ■     .,  .  ,  ,      v 

wrou;  itD,  folk:  rrf.  extending  along  both  sides  of  tb' 
median  line  in  the  thickened  renirjl 
plate  (Fig.   636,  /),    through  whiw 


tnngliiMlan  at  the 


n-gDU  rd.  ot  It 
From  Kori 
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formatioQ  a  more  median  section  of  the  ventral  plate,  the  so-called 
middle  plate  (m),  becomes  separated  from  the  side  plates  (s).  As 
tlie  middle  plate  curves  in  and  becomes  overgrown  by  the  folds 
forming  the  edges  of  the  blastopore,  the  gastrnla-tube  (Fig.  539, 
A,  r)  is  formed,  and  furnishes  the  rudiments  of  the  lower  (inner) 
layer.     The  ectoderm,  then,  according  to  Heider,  arises  from  tike 


V  a 
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■  tUK*s  of  ■  Mw-flr  {Hfiloluina  b/rhrHiil'^  In  MheniMlr  innll»n  *«- 

'I,  hlnd-em ;  »,'  a",  Inner  folds  uf  minion  :  oilier 'lMt.;rii" us  'hofora.  - 
ind  i  I  elder. 

lateral  plates  of  the  primitive  band.  The  growth  of  the  edges 
of  the  blastopore,  by  which  the  closure  of  the  gastrnla-tube 
is  effected,  takes  place  latest  in  the  region  of  the  most  anterior 
part  of  the  furrow  (Fig.  515,  B  and  C),  corresponding  to  tliat 
place  in  the  primitive  biind  in  which  the  stomodEeum  afterwards 
develops. 
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During  the  invagination  of  the  middle  plate  and  its  transforrna- 
tion  into  the  gastrula-tube  a  change  takes  place  in  its  liistolugival 
character  (Fig-  539,  A  and  B).     While  it  originally  consists  of  a 
high  cylinder  epithelium,    which  after  farther  changes  becoiiifs 
divided   into  several  layers,  since  the  wedge-shajted  single  cells 
push  themselves  over  each  other,  the  cells  in  later  stages  Itecome 
more  and   more  cubical  or  irveguliirly 
polygonal  (Fig.  530,  B),  and  are  irregu- 
larly arranged.     At  the  same  time  tlie 
gastrula-tube  is  compressed  in  a  durso- 
ventral  direction.    While  it  in  this  way 
,     spreads   out   laterally  under   the  side 
plates  (ectoderm),  its  originally  circular 


primitive  lumen  passes  into  the  form 
of  a  horizontal  fissure,  which  in  Hydro- 
philus  long  remains  as  the  boundurr 
^liri^ih^'mMdit'Shw  Th)^^^  between  the  two  layers  of  the  inner 
SlSnI^ffi.'ij;«.ho™L*™Wn^    (or  lower)  membrane.     (Korschelt  anJ 

Utorml  Plato  IN-oHnlUK  irtcnmnla  ihr     riemer.J 

— 'Afie'r  i.'niTiI^pe'Viin^Korwiu'it'Bnd        There  are  numerous  variations  or  tlie  procw* 

B«w«r.  of  gastrulatioii,  which  are  by  Korsoheh  wA 

Heider  divided  into  three  types,  as  follows  i  — 

1.   Through  invairitiation  and  formation  of  a  tube  (Fig.  £30,  A,  Hydrojihiliu. 

Miiaca,  I'yrrhocoria,  etc.)- 

i.    By  a  lateral  overprowth  (Fig.  5.37,  I.epitloptera  and  Hymenoptcm  i, 

'A.   Ryan  inward  growth  of  cells  from  a  median  fjirrow  (Aphides  anl  Tn- 

In  Dorypliora  and  Lina  (Fig.  634)  the  hinder  end  of  the  gasirula  furTv>w  ii 
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The  cellular  layer  arising  from  tlie  gastrula  invagination  (lower 
layer)  forms  the  common  germ  of  the  endoilerm  and  mesoderm.  It 
liasonly  recently  become  known  howthese  two  germ-layers  of  insects 
have  become  differentiated.  Kowalevsky  first  discovered  in  Musca 
that  the  greatest  part  of  the  lower  (inner)  layer  yielded  mesoderm 
■*  exclusively,  and  that  a  cell-mass  only  corresponding  to  the  most 
anterior  and  posterior  end  of  the  primitive  band  was  used  in  the 
formation  of  the  endoderm.  We  must  therefore,  in  insects,  speak 
of  a  fore  and  a  hinder  endodermal  rudiment.  In  proportion,  now, 
as  the  ectodermal  invaginations,  which  are  destined  to  form  the 
stomodseum  and  the  proctodieum  sink  beneath  the  surface  of  the 
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embryo,  the  eell-masaes  of  which  the  two  endodermal  rudiments  are 
composed  are  pushed  farther  in,  and  a  separation  between  them 
and  the  mesoderm  is  thus  effected.  The  two  endwlermal  rudiments 
now  form  accumulations  of  cells  which  lie  closely  adjacent  to  the 
blind  ends  of  the  atomodeal  and  the  proctodeal  invaginations. 
They  soon  widen  out  into  two  hour -glass -shaped  rudiments,  which 
are  directed  with  their  concavities  towards  each  other,  but  with  their 
convex  aide  towards  the  nearest  pole  of  the  egg.  Tliey  soon  change 
their  form";  two  lateral  stripes  grow  out  from  them,  and  each  now 
assumes  the  form  of  a  U  (Fig,  538,  en').     The  limbs  of  the  fore 
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and  hind  U-shaped  rudiment  are  directed  toward  eacli  other,  and 
grow  towards  each  other  until  they  meet,  and  are  fused  together. 
Thus  the  endodermal  rudiments  arising  out  of  the  fusion  of  the  two 
U-shaped  rudiments  form  two  stripes  extending  along  the  primitive 
band  and  situated  mostly  under  the  primitive  segments.  At  the 
two  ends  the  endodermal  rudiment  fuses  with  the  stomodeal  and 
proctodeal  invaginations.  These  lateral  endodermal  streaks  now 
spread  out,  and  gradually  begin  to  grow  over  the  yolk,  on  whose 
outer  surface  they  lie.  This  overgrowth  makes  the  greater  advance 
on  the  ventral  side,  so  that  the  two  endodermal  streaks  first  unite 
in  the  ventral  median  line  and  afterward  in  the  dorsal.  The  volk 
in  this  way  passes  completely  into  the  interior  of  the  rudiment  of 
the  mid-intestine. 

Kowalevsky  has  already  proved  that  it  is  the  median  parts  only 
of  the  inner  layer  which  at  the  two  ends  of  the  primitive  band 
become  separated  as  endodermal  rudiments  through  the  advance  of 
the  stomodeal  and  proctodeal  invaginations  :  the  lateral  iH)rtions 
become  mesoderm. 

Kowalevsky  has  compared  the  germ-layere  of  insects  with  those  of  Sagiita. 
This  comparison  is  supported  by  the  later  researches  of  Heider  and  of  Wheeler 
on  Coleoptera.     (See  Korschelt  and  Heider,  p.  809.) 

Relations  somewhat  different  from  tlie  common  type  of  formation  of  germ- 
layers  occur  in  Hymenoptera.  Kowalevsky  and  also  Grassi  agree  tliat  heit 
also  the  endoderm  originally  forms  a  part  of  the  lower  (inner)  layer.  But  the 
separation  of  the  endoderm  from  the  mesoderm  goes  on  in  Apis  in  such  a  way 
that  the  two  ends  of  the  inner  layer  pass  up  to  the  dorsal  side  of  the  eg$r,  when* 
the  fore  and  hind  rudiments  of  the  endoderm  extending  along  the  back  of  the 
embryo  grow  together.  When  the  two  horseshoe-shaped  rudiments  have  met 
each  other  and  become  fused,  the  enclosing  of  the  yolk  begins,  which  acconi- 
ingly  here  proceeds  from  the  dorsal  towards  the  ventral  side,  instead  of  r»>' 
ver»a.  As  a  result  the  endodermal  cell-layer  in  Apis  (and  also  Chalicodoiui 
at  first  does  not  lie  under  the  primitive  band,  but  on  the  dorsal  side  of  tht 
egg  under  that  flat  epithelium,  which,  arising  from  the  amnion-fold,  completes 
the  provisional  closure  of  the  back. 

The  yolk-cells  and  secondary  yolk-segmentation  are  discussed  by  Korscheli 
and  Heider  at  this  point.  The  yolk-cells  are  elements  scattered  throughout  ibt 
yolk  and  which  partly  remain  in  the  yolk  during  the  formation  of  the  blastodenn 
(Fig.  507,  Cand  D),  but  which  in  part  through  a  later  immigration  pass  o«* 
of  the  blastoderm  into  the  yolk.  Graber  has  proved  the  fact  of  the  migT«ti''>D 
of  cells  from  the  lower  layer  into  the  yolk,  and  his  observations  have  been  coo* 
firmed  by  other  authors.  Indeed,  in  certain  cases  (Melolontha),  these  hicr 
immigrant  cells  are  clearly  distinguishable  by  their  histological  characters  fn>m 
those  originally  found  in  the  yolk. 

The  yolk-cells  are  regularly  scattered  throughout  the  yolk.  Their  use  to  ibf 
embryo  lies  in  the  fact  that  they  absorb  the  particles  of  yolk,  which  they  di©^ 
and  thus  reduce  to  a  fluid  condition.  It  usually  happens  that  after  the  co3^ 
plete  formation  of  the  primitive  band  there  results  a  delimitation  of  the  arrt* 
enclosing  each  yolk-cell,  and  this  occurrence  is  called  secondary  yf»/it-<f *>/,«""• 
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In  special  cases  (Apis,  Musca)  this  occurrence  seems  not  to  take  place.  The 
yolk-cells  are  still,  after  the  complete  formation  of  the  mid-intestine,  to  be 
recognized  in  the  yolk-remnants  filling  the  interior  of  the  same,  and  gradually 
become  absorbed. 


k.  Farther  development  of  the  mesoderm.    Formation  of  the  body- 
cavity 

We  have  seen  that  by  means  of  an  invagination  extending  through- 
out the  entire  length  of  the  primitive  band  a  layer  of  cells  is  produced 
which  soon  spreads  out  on  the  inner  side  of  the  band  and  thus 
forms  a  second  lower  (inner)  layer  (Fig.  539,  C),  From  this  inner 
layer  is  separated  at  the  anterior  and  posterior  ends  of  the  primitive 
band,  the  endoderm,  which  lies  in  direct  contact  with  the  invagina- 
tions of  the  proctodaeum  and  stomodaeum.  The  remainder,  by  far 
the  most  extensive  part  of  the  inner  layer,  is  the  mesoderm. 

The  mesoderm  now  becomes  divided  into  two  lateral  streaks 
(mesodermal  streaks),  by  the  withdrawal  of  its  cells  from  the 
median  line  (Fig.  539,  D).  This  withdrawal  is  not,  however, 
always  a  complete  one.  In  the  free  median  space  thus  formed,  the 
yolk  often  forms  the  so-called  median  yolk-ridge.  Segmentally  ar- 
ranged cavities  soon  appear  in  the  lateral  region  of  the  mesoderm 
(the  primitive  segmental  cavities),  and  the  bordering  mesoderm- 
cells  arrange  themselves  in  the  form  of  an  epithelium,  and  con- 
stitute the  wall  of  the  primitive  segments  or  coelom-sac.  (Kor- 
schelt  and  Heider). 

The  primitive  segmental  cavities  in  general  arise  through  a  split  in  the  meso- 
derm. In  Phyllodromia,  according  to  Heymons,  the  primitive  segments  are  very 
extensive.  The  mesoderm,  at  the  time  of  the  formation  of  the  rudiments  of 
the  appendages,  is  raised  with  the  ectoderm  from  the  surface  of  the  yolk,  and 
in  this  way  there  arise  in  each  segment  cavities,  which,  since  they  are  sur- 
rounded by  mesodermal  elements,  become  the  closed  coelom-sacs  (Fig.  640, 
f,  c',  c"). 

The  coelom-sacs  differ  in  different  groups.  They  are  largest  in  Orthoptera 
(Phyllodromia),  where  they  take  up  almost  all  the  cell  material  of  the  mesoderm 
in  their  formation,  and  exhibit  certain  conditions  recalling  those  of  Peripatus. 
The  very  large  primitive  segmental  cavities,  which  in  Orthoptera  also  extend 
into  the  rudiments  of  tlie  appendages  (Fig.  540,  B,  ea:),  in  their  later  stages  are, 
through  the  formation  of  a  constriction,  divided  into  a  dorsal  and  a  ventral  half 
(Fig.  540,  B^  c',  c").  The  ventral  portions  of  these  cavities  extending  into  the 
extremities  soon  disappear,  while  the  cells  of  their  walls  lose  their  epithelial 
nature,  and  group  themselves  irregularly  into  a  sort  of  mesenchym.  In  this 
tissue,  then,  arises,  partly  through  a  separation  among  its  cells,  partly  througli 
the  elevation  of  the  same  from  the  upper  surface  of  the  yolk,  the  definite  body- 
cavity.  The  dorsal  portions  of  the  primitive  segmeiital  cavities  remain  unchanged 
a  longer  time  in  order  to  play  a  rdle  in  the  formation  of  the  intestinal  muscular 
layer,  of  the  heart,  pericardial  septum,  and  sexual  organs. 
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In  tlie  highest  groups  o£  insects  (Coieoptera,  Lepidoplera,  and  Ilymenopiera) 
the  priinitiTe  segments  are  not  ao  extensively  developed  (Fig.  539,  O'F,  us). 
Tbey  here  form  only  relatively  Hmall  sacs  situated  in  the  lateral  parts  of  the 
primitive  band  which  correspond  to  the  dorsal  section  of  ilie  ctelom-Bacs  of 
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Orthoptera.  The  ventral  part  is  here  from  the  very  outset  replaced  by  a  meaen- 
chym.  As  a  result  in  these  forms  also  no  coelomic  diverticula  occur  in  the  rudi- 
ments of  the  extremities. 

The  definite  body-cavity  of  insects  arises  entirely  independent  of  the  ocelom 
cavities,  and  in  fact,  as  Butschli  showed,  through  the  separation  of  the  primilivif 
band  from  the  yolk  (Fig.  539,  F,  I),  It  appears  bounded  on  the  one  hand 
by  the  surface  of  the  yolk,  on  the  other  side  by  the  in*egularly  arranged 
mesenchym  cells.  Originally  we  can  in  cross-sections  distinguish  three  separatf 
cavities  of  the  definite  body-cavity  (in  Hydrophilus  according  to  Heider),  a 
median  and  two  larger  paired  lateral  ones  which  later  fuse  with  each  other  uid 
with  wide  lacunae  (e.g.  in  the  appendages)  arising  by  the  separation  of  thr 
mesenchym  cells.  We  refer  the  compartments  of  the  definite  body-cavity,  as 
in  Peripatus,  to  the  primary  body-cavity  or  segmentation-cavity.  They  an? 
only  lacunae  in  the  area  of  the  mesenchym,  and  throughout  bear  the  character 
of  a  pseudocoel. 

In  later  stages  of  embryonic  development  the  coelom-sacs  and  the  definite 
body-cavity  enter  into  communication  with  one  another  (Fig.  523,  A,  ti«,  Ih). 
(Korschelt  and  Heider.) 

Then  the  hinder  coelom-sacs  unite  through  the  degeneration  of  the  transverse 
dissepiments  which  separate  them.  After  this  a  fissure  opens  in  Uie  median 
wall  of  the  coelomic  sac,  through  which  its  cavity  unites  with  the  definite  bodv- 
cavity.  In  the  subsequent  changes  which  the  wall  of  the  coelom-sacs  undergoes, 
these  can  be  recognised  no  longer  as  separate  divisions  of  the  whole  body -cavity. 


I.  Formation  of  organs 

The  nervous  system.  —  As  we  have  already  seen  (p.  554),  the  rudi- 
ments of  the  ventral  nervous  cord  arise,  after  the  gastrula  invagina- 
tion is  completed,  as  two  ectodermal  thickenings  situated  on  each 
side  of  the  median  line,  the  so-called  primitive  rolls  or  strips 
(Fig.  528,  s),  which  extend  from  the  centre  of  the  procephalic  lobes 
of  the  head  to  the  last  segment,  enclosing  between  them  the  single 
median  "primitive  groove"  (Fig.  539,  C,  pr,  and;>ic). 

Soon  after  the  appearance  of  the  primitive  strips,  the  first  tratvs 
of  segmentation  may  be  detected.  The  ventral  cord  is  from  the 
first  in  direct  connection  and  continuous  with  the  brain.  From  the 
segmental  expansions  of  the  primitive  strip  arise  the  ventral  nervous 
ganglia,  and  from  the  intersegmental  constrictions  are  developed 
the  paired  longitudinal  commissures. 

Transverse  sections  of  the  ectoderm  in  the  region  of  the  primitivf 
strips  (Figs.  539,  C,  and  517)  show  several  layers  of  cells.  Ot 
these  cellular  layers  the  deeper  ones  afterwards,  b\'  a  kind  of 
delamination,  separate  from  the  superficial  ones  and  form  the 
"lateral  cords,"  i.e.  the  germs  of  the  longitudinal  cords  of  the  ven- 
tral ganglionic  cord.  Meanwhile  the  primitive  groove  (pr)  deepen* 
and  forms  an  invagination  extending  between  the  lateral  cords.  The 
cells  at  the  bottom  of  this  invagination  form  the  so-called  *' median 
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cord,"  and  give  rise  to  the  transverse  commissures  connecting  the 
ganglia. 

Wheeler  hasdetecMd  in  the  rudiment  of  Cbe  ventral  cord  of  several  Orthop(«ra, 
n  the  upper  surface  of  the  lateral  cords,  four  large  cells  nhich  he  calls  netir»- 


hirtata  (Figure  541,  ni  — n,),  from 
wlilch  cells  arise  by  budding  and 
become  arranged  in  vertically  ar- 
ranged layers  or  pillare(z).  Graber 
has  observed  them  in  Stenobolhrus 
and  Viallanes  in  Mantis.  These 
neuroblasts  are  only  present  in  the 
inter-ganglion ic  region,  and  soon 
move  back  to  the  hinder  side  of  the 
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segments  of  the  embryo,   but  iibruus  muu;  m,  iieumMiit.<vii>  nf  the  mifiiiuI 


afterwards  these  t 

or  less    fused    together;    thus     -AfwrWb«w. 

those  of  the  three  gnathal  segments  unite  to  form  the  subossophageal 

ganglion  of  the  adult,  and  the   last  abdominal   ganglia  are  fused 

together  and  move  a  little  anteriorly  (see  also  pp.  227,  22S). 

Derelopmeat  of  the  brain.  —  The  supra-cesophageal  ganglion  is  due 
to  the  spreading  out  of  the  proceplialic  lobes.  The  rudiment  of  tlie 
brain  is  due  to  a  thickening  of  the  ectoderm  on  the  sides  of  the 
mouth  and  of  the  fore-head,  this  expansion  of  germinal  brain-cells 
being  the  direct  continuation  of  the  primitive  rolls  ot  strips,  and 
which  finally  becomes  differentiated  into  the  jirotocerebnini,  deiito- 
cerebrum,  and  tritocerebrum,  as  stated  on  p.  22S. 

The  ganglion  opticum,  now  regarded  as  a  ])art  of  tlie  compound 
eye,  arises  as  an  ectodermal  thickening  on  each  side  of  the  rudi- 
mentary brain.  The  optic  ganglion  belongs  exclusively  to  the  fore- 
most dii'ision  of  the  brain  (see  also  p.  227). 

Development  of  the  eyes —  Compound  eyes  do  not  appear  until  the 
beginning  of  pupal  life,  the  single  eye  (ocellus)  being  the  primi- 
tive organ  of  vision.  The  ocellus  of  Acilius,  according  to  Fatten, 
arises  as  a  pit  or  depression  of  the  ectoderm  (Fig.  5-t2).  The 
long  liypodermal  cells  which  form  the  walls  of  this  pit  or  hollow 
are  arranged  in  a  single  layer,  and  bear  at  their  free  ends  a  striated 
cuticular  edge  (c),  while  from  their  inner  or  basal  end  arise  the  fibres 
destined  to  form  the  common  optic  nerve. 

At  a  later  stage  (Fig.  >ti2,  B),  the  eye-pit  is  closed  over,  the 
edges  growing  over  and  covering  the  deeper  part  of  the  eye.    In  this 
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way  there  arises  out  of  the  pit-like  rudiment  a  two-layereil 
optic  cup.  The  outer  or  superficial  layer  (l)  becomes  in  its  cen- 
tral part  the  crystalline  lens,  while  the  peripheral  parts  form  the 
iris.  From  the  outieular  striated  border  of  these  cells  arise  the 
chitinous  or  corneal  lens.  On  its  outer  edge  the  superficial  layer  of 
the  eye  passes  gradually  into  the  unmodified  hypodermis  (ft). 

The  inner,    ileeper    layer  of 
the  eye,  which  forms  the  con-  _  -'    ,'    ■ 

tracted  cup  -  shaped  portion, 
appears  to  be  the  rudimentary 
retina  (r).  From  its  cuticular 
rod-like  or  fibrous   edge  arise 


¥ui  S4S.  —Two  Inter  Mfn  of  dcvrfoi-moiit  «r  Ihp  imnie  eye  lu.  In  Fl|t.  M* :  (.  Iriii :  «:  ia\AM,. 
Vlg.  Mi. -TUmndt'lg/Miallcr  P.itrii,  fruiii  KorKbdt  niiil  IIplW. 

the  visual  rods.  There  soon  arise  certain  peculiarities  characteristic 
of  the  eye  of  Acilius,  i.e.  the  fissure  {up)  bordered  by  the  horizon- 
tally situated  rods  of  the  large  retina-cells  {x). 

In  the  farther  developed  eye  (Fig.  54."}}  there  is  a  flattening  of  the 
cup-shaped  inner  edge,  by  which  the  bottom  of  the  eye  is  levelled 
and  the  little  rods  belonging  to  it  stand  up  vertically  (Fig.  54;!, 
B,  at).    Then  the  cells  belonging  to  the  edge  of  the  retinal  cup  (m) 


DEVELOPMENT  OF  THE  DIGESTIVE   CANAL         569 

are  turned  in,  forming  an  inverted  layer  constituting  the  germs  of  a 
tliird  layer  interpolated  between  the  two  chief  layers  of  the  eye. 
(Korschelt  and  Heider,  from  Patten.)  Patten  concludes  that  the 
structure  of  the  retina  in  the  larval  ocelli  of  insects  is  much  like 
that  of  myriopods,  and  that  the  whole  eye  is  constructed  on  the 
same  plan  as  that  of  Peripatus  and  most  molluscs. 

Intestinal  canal  and  glands.  —  The  intestinal  or  digestive  canal  is 
primitively  divided,  as  already  stated  on  p.  299,  into  three  sections, 
of  which  the  anterior  and  posterior  are  called  respectively  the 
stomodseum  and  proctodjeum,  and  are  invaginations  of  the  ecto- 
derm, forming  sacs  whose  blind  ends  face  the  future  site  of  the 
mid- intestine.  The  fore-intestine  (stomodseum)  in  most  cases  arises 
earlier  than  the  proctodaeum.  Its  muscles  are  derived  from  the 
mesoderm.  From  the  stomodaBum  arises  at  an  early  date  an  un- 
paired dorsal  invagination  out  of  which  develops  the  ganglion 
frontale  and  the  pharyngeal  nerve. 

The  absorption  of  the  ends  of  the  blind  sacs  of  the  fore  and  hind  intestine, 
and  opening  up  of  the  passage  into  the  mid-intestine,  occur  rather  early  in  em- 
bryonic life.  In  the  wasps  and  bees,  as  well  as  the  larva  of  the  ant-lion,  the 
mid-intestine  remains  closed  at  the  end,  not  communicating  with  the  procto- 
daeum, which  has  an  exclusively  excretory  function  (Fig.  497). 

The  mid-intestine  arises  from  two  originally  separate  rudiments, 
i.e.  the  fore  and  hind  endodermal  rudiments,  which  at  the  outset 
stand  in  the  most  intimate  relation  with  the  invagination  of  the 
fore  and  hind  intestine.  Originating  as  a  simple  collection  of  cells, 
80  closely  adjoining  these  invaginations  that  Voeltzkow,  Patten,  and 
Graber  derived  them  directly  through  outgrowths  of  them,  they 
become  extended  by  advancing  cell-multiplication  until  they  assume 
a  U-shaped  form.  The  legs  of  the  U-shaped  rudiment  are  in  the 
anterior  endodermal  mass,  directed  backwards;  those  in  the  poste- 
rior mass,  on  the  other  hand,  are  directed  anteriorly.  These  legs 
grow  towards  each  other  until  they  become  fused  together,  forming 
two  paired  endodermal  streaks,  which  pass  under  the  primitive  band 
along  its  whole  length,  and  are  fused  with  it  at  the  fore  and  hind 
ends.  In  these  places  they  stand  in  intimate  union  w^ith  the  proc- 
todeal  and  stomodeal  invaginations. 

The  paired  endodermal  streaks  belong  to  the  lateral  portions  of 
the  primitive  band.  As  a  rule,  they  lie  directly  under  the  row  of 
ccelom-sacs  (Fig.  539,  JF').  The  dorsal  wall  of  the  primitive  seg- 
ments stands  consequently  in  intimate  contact  with  the  endodermal 
streaks.  On  this  wall  of  the  primitive  segments  an  active  cell- 
growth  takes  place,  and  the  cell-material  produced  in  this  way, 
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wliich  separates  from  the  dorsal  wall  of  the  primitive  seginenti, 
forms  the  outer  or  s])lauchnie  layer  of  the  rudiment  of  tlie  mid- 
inteatine  (spm,  Figs.  539,  F,  544,  ap).  What  remains  of  tlie  Jor 
sal  wall  of  the  ctelom-saca  after  this  sejjaration  Joins  the  genital 
rudiments  and  gives  rise  to  the  so-called  tenuiual  thread-pUlc 
(Fig.  544,  ef).  The  endodermal  streaks,  with  the  splanchuic  lav«r 
lying  next  to  them,  may  now  be  considered  as  the  rudiments  of  Ihe 
mid-intestine  (Fig.  530,  m,  etc.).  These  aie  noticeable  in  the  fol- 
lowing stages  by  their  considerable  lateral  growth;  they  spread 
out  over  the  upper  surface  of  the  yolk,  around  which  they  iinallj 

f  f^  "•  %  ^. 


FM.BI4.  — Cmi>->ectlon  throueh  Ibe  nbdoinlul  nation 


ii-wcuon  throueh  Ihe  nbdoinlul  nation  of  ■  aomeirhu  oWw  nrimWif 

-mani0t:  bii.  rurllment  of  the  n«rve-™rf — -  ---■---■--■- 

Renltal  elTBrent  yatt^ai- :  ee.  fcin.1i.rm :  f. 


entirely  grow  (Figs.  539,  C-F,  544,  545).  This  growth  around  tli'- 
yolk  goes  on  in  most  nases  in  such  a  way  as  to  unite  the  two  niiil- 
intestinal  streaks  in  the  region  of  the  ventral  median  line  with  ^scb 
other.  Then  afterwards  their  union  on  the  dorsal  side  takes  plaff 
(Figs.  539,  F,  545).  The  yolk  thus  passes  completely  into  thf 
interior  of  the  mid-intestine,  and  with  it  the  remains  of  the  iIor»! 
tube  or  dorsal  organ,  when  such  an  one  is  present. 

The  Mlivary  glands.  —  These  segmentally  arranged  glauds.  wbirh 
open  by  pairs  into  the  three  gnathal  segments  of  the  head,  arise  »* 
ectodermal  invaginations  originally  opening  not  into  the  stomoda-um. 
but  outwards  on  the  surface  of  the  body ;  hence  Korschelt  and  Heidet 
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suggest  that  they  were  originally  dermal  glands,  whose  mouths 

became   drawn   into    the   buccal 

cavity. 

For  their  serial  arrangement,  see 
p.  337.  Korschelt  and  Heider  state  that 
they  would  be  inclined  to  homologize 
the  salivary  glands  of  insects  with  those 
glands  of  inyriopods  opening  into  the 
mouth-cavity,  were  it  not  that  these 
glands  in  myriopods  opening  into  the 
mouth  are  in  reality  transformed  neph- 
ridia  originating  from  the  mesoderm, 
while  the  salivary  glands  of  insects  are 


Fi«.  545.  —  Cro88-»ection  throngh  the  abdomi- 
nal region  of  an  embryo  of  cockrooch  {P.  ger- 
man  tea)  after  the  yolk  has  been  completely 
enclosed  by  the  primitive  band  and  the  closure 
of  the  back* ;  h.  tracheal  stigma :  other  letters  as 
In  Figs.  .%40,  544.  —This  and  Fig.  .^44  after  Hey- 
muns,  from  Korschelt  and  Heider. 


*^' 


Fio.  546. —  Embryo  of  Doryphora  shortly 
after  the  appearance  of  the  appendages,  unrolled 
and  isolated  :  o,  stom«Mlanim  ;  lb,  labrum ;  h^-h^^ 
three  brain  segments ;  f>ff^-o(^,  three  segments  of 
the  optic  ganglion  :  «y>'-<>/>«.  three  segments  of 
the  optic  plate  ;  0-t^,  five  pairs  of  invaginations 
which  form  the  tentorinm,  etc.;  r-/*>,  tracheal 
Invaginations ;  the  two  last  pairs  (/"  t**)  either 
disappear  or  form  the  oi)ening8  of  the  sexual 
ducts ;  at.  antenna ;  md,  mandibles  ;  inx^-wjr*^ 
maxilla* ;  />*-/>»,  legs ;  c,  commissure  connecting 
the  two  ganglionic  thickenings  (g*)  of  the  pre- 
mandibular  segment ;  gl,  ganglia ;  mnt^  middle- 
cord  thickenings;  mpg^-mpg^,  rudiments  of 
three  pairs  of  urinary  tubes  ;  a,  proctodieum.  — 
After  wheeler. 
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clearly  ectodermal  structures.  We  must,  therefore,  they  add,  leace  to  )u«r 
researches  the  (guestion  of  tlie  homology  of  these  orf^ne,  also  of  their  relatuHi] 
to  tlie  siiniJar  glands  of  I'eripatus. 

The  tirinary  tubes.  —  These  excretory  vessels  arise  as  paired  evagi- 
nations  of  the  hind  intestine  or  proctodsetim.     They  are  ectodermal 
strtictures  arising  as  lateral  diverticula  of 
the  intestinal  cavity  (Fig.  546).      FiRurt 
647  represents  their  mode  of  origin  at  the 
anterior  end  of  the  proctodeum  of  a  loi-tiil. 
It  will  be  seen  that  there  are  lU  priuiary 
tubes.    TJiere  are  150  such  tubes  in  loi'usts. 
or  10  groups  of  15  each.     The  15  second- 
ary tubes  probably  arise  from  the  priuiarv 
ones  in  the  manner  described  by  Hatsclick 
for  Lepidoptera  (see  his  Taf.  Ill,  Fig.  7). 
Fia.  luT.  — SrrtlDn  or  nrwin-         While  the  Mnlplghlaii  tubes  Usually  tin-i  ai\st 
oriS"  nV'IiriniilT'''iu'lws' I  Mr/'r    "^  <l"'crtlcula  of  the  proctodeum,  in  the  Hyrupii- 
tp.  pulihi'lLiI  ur  Vlondubr  larVrl    optera  (Apis  and  Challcodoma)  tliey  ajigiear.  efn 
I!''.Miiij'»"fi*tubu""'""'"'''"'    I't'fore  the   coiiipletiuii   of    llie   procl'ilrtnini.  i> 
iiivaginatlona  of  the  ectodertu  which  at  first  >'[td 
out  on  the  outer  surface  of  the   primitive  band.     They  seetn,  then,  iii  fio' 
degree,  ti>   be  Himilar  to  the  tracheal   rudiments,  which   perhaps   is  the  m- 
8011  why  they  have  been  homologized  with  them,  a  view  which  we  do  not  shaiv. 
and  ill  wliich  Carrifere  does  not  concur.     'I'liey  afterwards  pass,  with  the  p«"- 
iiig  proctoda;um,  into  the  interior  of  the  embryo.     (Korschelt  and  Heider.) 

The  heart. — The  dorsal  vessel  is  first  indicated,  acconling  m 
Korotnetf,  by  a  long  string  or  row  of  cells  {cardioUa^a),  wiiii'b 
on  each  side  border  the  mesodermal  layer  of  tlie  jirimitive  hanj 
(Figs.  544,  A,  54S,  A).  In  the  advancing  growth  of  the  primiti" 
band  around  the  yolk,  this  rudiment  steadily  passes  up  more  towanl* 
the  dorsal  side.  It  is  in  connection  with  the  wall  of  the  primili" 
segment  (Figs.  544  and  548),  and  represents  the  point  at  which  the 
dorsal  wall  of  the  ccelom-sac  passes  into  the  lateral  wall.  Accordinc 
to  Korotueff,  the  cardioldasts  arise  directly  through  a  niigratior  out 
from  the  wall  of  the  primitive  segment. 

In  Gryllotalpa  the  formation  of  the  dorsal  organ,  which.  »-* 
Korotneff  states,  is  in  this  insect  nothing  else  than  a  stopper  nbicii 
fills  up  the  dorsal  gap  of  the  body-wall  of  the  embryo,  is  effecteil  by 
the  rupture  of  tlie  embryonal  membranes.  The  serosa  is  Anjm 
together  to  form  a  thick  plate  (Fig.  52S,  A,  Tp),  and  tlie  mwl 
degenerated  aranion-folds  (am)  which  are  laterally  attached  to  n 
liave  moved  from  the  edges  of  the  primitive  streak  (•x-*wi  f^f 
towards  the  dorsal  side  (see  Fig.  539,  C,  which  represents  a  siraiUr 
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stage).  The  distance  between  the  rudiment  of  the  amnion-fold  and 
the  lateral  edge  of  the  primitive  band  {'x,  "y)  is  occupied  by  an  epi- 
thelial lamella  (f),  iu  which  we  recognize  the  earlier  amnion.  This 
lamella  does. not  lie  directly  on  the  yolk,  but  ia  separated  from  it 
by  a  spacious  blood-lacuna  (^A,  ba),  in  which  can  be  seen  numerous 
blood -corpuscles  which  have  migrated  in  from  the  mesoderm  of  the 
primitive  band.  The  cardioblasts  which  have  arisen  from  the  wall 
of  the  primitive  segment  {us)  are  on  each  side  arranged  into  the 
form  of  a  furrow  {gr),  which  bounds  the  blood  sinus  below. 


BDd  llvld«r. 


By  the  continuous  growth  of  the  primitive  band  around  the  yolk, 
after  the  resulting  invagination  and  degeneration  of  the  dorsal  plate, 
the  two  blood-laeunte  unite  together  on  tlie  dorsal  side  into  a  single 
one  {B,  ba).  These  constitute  the  first  cavity  of  the  heart.  The 
vascular  furrows  (gr)  come  in  contact  with  each  other  and  grow 
together,  and  the  wall  of  the  heart  is  thus  formed.  Ayers  states 
that  in  (Ecanthua  the  heart  is  formed  in  the  heatl  region  only  after 
the  yolk-sac  has  passed  entirely  within  the  body.    The  venous  ostia 
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arise  by  two  paired  invaginations  of  the  lateral  walls,  forming  a 
split  at  their  bottom. 

The  rudiment  of  the  heart  stands,  as  we  have  seen,  in  intimate 
union  with  the  primitive  segments.  Out  of  the  lateral  walls  of 
these  segments,  after  giving  off  the  elements  of  the  somatic  meso- 
derm, arises  an  epithelial  plate  which  becomes  the  nidiment  of 
the  pericardial  septum  or  dorsal  diaphragm  (Figs.  523,  vl-C,  rfd, 
544-545,  ps).  As  soon  as  the  two  halves  of  the  rudiments  of  the 
heart  have  united  with  each  other  in  the  dorsal  middle  line,  the  two 
halves  of  the  pericardial  septum  unite  with  each  other  and  form 
the  wall  to  the  pericardial  cavity  and  shut  it  off  from  the  rest  of 
the  body-cavity.  For  a  long  time  the  pericardial  septum  remains 
in  union  with  the  wall  of  the  heart.  Afterwards,  however,  it  sepa- 
rates from  it  (Fig.  523,  C,  dd),     (Korschelt  and  Heider.) 

The  statements  of  other  authors  (Ayers,  Grassi,  Patten,  Tichomeroff,  Car- 
ri^re,  Heider,  Heymons,  etc.)  as  to  the  mode  of  origin  of  the  heart  in  insects  of 
other  orders  are  all  similar  to  the  type  described  in  Gryllotalpa.  The  difference 
consists  mostly  in  the  fact  that  the  two  large  blood-lacunae  are  wanting  or  only 
exist  to  a  slight  extent.  It  results  that  the  rudiment  of  the  cavity  of  the  heart 
in  the  earlier  stages  is  of  slight  extent  and  often  scarcely  recognizable. 

In  CEcanthus  (Ayera)  and  in  Gryllotalpa,  the  hinder  section  of  the  heart 
is  the  first  to  develop,  the  development  advancing  from  behind  forward. 

The  blood-corpuscles.  —  Blood-cells  are  said  by  Korotneff  to  be,  in 
Gryllotalpa,  at  an  early  period  present  almost  everywhere  between 
the  yolk  and  mesodei'm  j  they  are  derived,  as  he  states,  from  the  cells 
of  the  somatic  mesoderm  layer,  which  has  lost  its  connection  with  the 
other  parts  of  the  mesoderm,  and  fall  into  the  body -cavity.  Ayers 
states  that  the  blood-corpuscles  arise  from  serosa  nuclei  which  have 
passed  into  the  body-cavity,  where  they  become  more  vesicular, 
and  ultimately  all  of  the  nuclear  substance  goes  to  form  from  one 
to  three  spherical  bodies,  which  are  surrounded  by  the  common 
membrane. 

"These  bodies  are  blood-corpuscles  and  are  free  nucleoli  imme- 
diately on  the  rupturing  of  the  vesicle  which  surrounds  them." 
(Ayers,  PI.  22,  Figs.  1,  3,  p.  250.)  More  recently,  Schaeffer  lias 
observed  in  caterpillars  certain  cell-complexes  associated  with  the 
fat-body  which  he  has  called  blood-forming  masses. 

Musculature,  connective  tissue,  fat-body.  —  The  muscles  of  various 
parts  of  the  body,  as  well  as  the  connective  tissue,  arise  by  histo- 
logical differentiation  from  the  somatic  layer  of  the  mesoderm 
(Fig.  523,  so).  The  fat-body  originates  from  the  same  source,  as 
shown  by  the  researches  of  Kowalevsky,  Grass i,  and  of  Carri^re.    In 
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Hydrophilus  a  dorsal  band  of  the  fat-body  passes  over  the  digestive 
canal  arising  by  direct  transformation  of  the  wall  of  the  coelom-sacs. 
But  also  the  other  portions  of  the  fat-body,  as  the  fat-body  lobes 
accompanying  the  tracheal  system,  are  of  undoubted  mesodermal 
origin.  Heymons'  observations  on  the  cockroach  (Phyllodromia) 
agree  with  the  foregoing  view.  Jn  this  insect  at  a  very  early  period 
certain  cells  in  the  wall  of  the  coelom-sacs  undergo  a  change,  and 
may  be  recognized  as  the  rudiments  of  what  are  afterwards  fat-body 
tissues  (Fig.  540,  B  and  C,  /). 

The  reproductive  organs —  Our  knowledge  of  the  mode  of  develop- 
ment of  the  genital  organs  is  in  a  less  satisfactory  state  than  that 
of  the  other  organs.  It  is  now  known  that  the  rudiments  of  the 
sexual  glands  belong  to  the  mesoderm,  and  are  developed  from  the 
wall  of  the  coelom-sacs.  In  the  cockroach  (Phyllodromia),  the  most 
generalized  of  the  winged  insects,  as  Heymons  has  shown,  in  the 
earlier  stages  of  the  embryo  separate  genital  cells  are  already  dis- 
tinguished by  their  histologically  different  characters  from  the  other 
mesodermal  cells.  The  genital  cells  are  larger  and  show  a  feebly 
stained  nucleus  with  a  clear  nucleolus.  These  genital  cells,  which 
are  transformed  normal  mesodermal  cells,  lie  originally  within  the 
mesoderm  layer  or  on  the  surface  of  this  layer  turned  towards  the 
yolk,  on  the  edge  of  the  segments.  After  the  complete  formation 
of  the  coelom-sacs  we  find  them  (Fig.  549,  gz)  in  the  dissepiments 
which  separate  the  successive  coelom-sacs  from  one  another.  Here 
new  genital  cells  are  constantly  formed  through  the  transforma- 
tion of  mesoderm  cells.  The  development  of  the  genital  cells  takes 
place  in  the  2d  to  the  7th  abdominal  segments. 

Afterwards  the  genital  cells  pass  into  the  interior  of  the  coelom- 
sacs,  and  soon  pass  to  the  dorsal  wall  of  the  same  (Fig.  540,  A,  gz) 
and  enter  between  the  cells  of  this  wall.  The  coelom-sacs  (c)  show 
in  cross-section  in  this  stage  a  triangular  outline,  so  that  we  can 
distinguish  a  dorsal,  lateral,  and  median  wall.  The  dorsal  wall  lies 
next  to  the  surface  of  the  yolk,  and  afterwards  gives  rise  by  separa- 
tion or  splitting  to  the  splanchnic  mesoderm  (Fig.  544,  sji),  while 
from  its  remains  the  terminal  thread-plate  (ef)  originates.  The 
latei'al  wall,  which  is  turned  towards  the  ectoderm  of  the  primitive 
band,  is  intimately  concerned  in  the  formation  of  the  somatic  layer 
(Fig.  540,  C,  8o)  of  the  mesoderm.  Out  of  what  remains  arises  the 
pericardial  septum  (Fig.  544,  ps). 

When  the  genital  cells  have  entered  into  the  dorsal  wall  of  the 
primitive  segments,  they  are  already  so  numerous  that  they  form  a 
continuous  series  extending  from  before  backward.     The  genital 
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rudiment  consists,  then,  of  a  string  of  cells  lying  on  each  side  in 

the  dorsal  wall  of  the  primitive  segments,  which  extend  from  the 

2d  to  the  7th  abdominal  segments.     In  t]ie  formation  of  these  strings 

nr  rows  nf  nells  uot  only  are  the  genital 

d,  but  also  still   undiffer- 

[enn  cells  {Fig.  540,  B,  C), 

te  from  the  dorsal  wall  of 

s  and  lie  next  to  the  genital 

>f  these  last  tend  to  envelop 

Is.    We  designate  them  the 

3  of  the  genital  rudiments 

±ers   form  a  cellular  cord 

position  medial  and  ven- 

lital  cells. 

lenital  cells  in  the  female 
egg-cells  (and  the  nutritive 
forms  which  have  sueh). 
■   epithelium   of    the  egg- 
)ther  hand,  also  the  corre- 
sponding cells  of  the  ter- 
minal chamlier,  originate 
*  from  the  epithelial  cells. 
Pliyllodroniia  and   Orth- 
optera   in   general,   to 
which     this     description 
applies,    show     in     this 
res[>eet  tolerably   simple 
relations,  since   the  ger- 
minal   or  terminal    euiu- 
partment  of  the  ovary  in 
...     .......  them  iscomposed  of  rela- 

■  '■.  ,'   :    '.■'.•.:■  •.'*■"  '  tively  few  cells.    In  most 

*  ■  ■ "  "  other   insects,  and   espt- 

.M™V,^%7.""l;'tiin'it"vJC'nd'nf""i^Sr.«V'"7/^^^^       cially  those  which    have 

™;/":z,;;:n^;;N^^^^™1,h^',Ii■;„;;r„i^        a  great  number  of  f^- 

!X.Sr,;M'J;^ZJ,rUTS3TA"V^t'%mTv7t^^^^^  cells  in  the  ovary,  the 
^iyTn'>hVrtu«HZi;^Vpivjt*ih?';{S"^  germinal  chamber  (Keim- 

of ihV prii.iiiivB winmi-M.  facli)   is    extraordinarily 

large. 

The  ventral  cellular  cord  (ca)  develops  into  the  proximal  part  of 
the  oviduct,  which  widens  out  and  receives  the  single  e^-tulies. 

The   cuelom-sacs    in   tlie    farther  course   of    their   development. 
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through  the  retrograde  development  of  the  parts  extending  into  the 
appendages,  through  the  development  of  the  fat-bodies  and  through 
the  delamination  of  the  somatic  and  the  splanchnic  mesoderm  layer, 
become  greatly  diminished  in  size.  Finally,  there  remains  left  of 
them  only  a  rather  small  cavity  (c),  which  is  borilered  on  the  side 
by  the  rudiment  of  the  pericardial  septum  (pa)  and  within  by  the 
terminal  thread-plate  (e/J.  The  dorsally  situated  point  where  these 
two  lamellse  pass  into  each  other  seems  to  stand  in  intimate  connec- 
tion with  the  cells  of  the  rudiment  of  the  heart  (ft).  The  cord-like 
genital     rudiment  ^ 

hangs  from  the  ter- 
minal thread-plate 
as  from  a  mesen- 
tery  (Fig.  549,  gx).     ^ 

Together     with  ?* 

the  growth  of  the 

primitive     band  — 

around  the  yolk, 
and  the  forma- 
tion of  the  back, 
the  paired  rudi- 
ments of  the  heart 

gradually    extend  . 

to   the    neighbor-  ~^ 

hood  of  the  dorsal 
median  line,  fol- 
lowed  by  the  geui-      -     „„     ,    ^   „   ,      ,      .      .   ..   ^    ,       .  ,    ., 

tal      rudiments      msTil.  r>f  a  i7-™"»/™.    a.  »lth  b«lnnln(r.  «.  «tlh  fcrlh^FKl- 
viiice.1  irmwHi  -r  ILe  nv.rt.ii  tiibM :  n.  nirllmenl  of  the  eriillil  eiter- 
WhlCh       are       con-     ™t  iui»s«t*:  -/,  lermlual  thrMdn  f;.,  niirlfu.  nrihffi.llhelUliPll); 
,.    ,        -n     n  («,genllalc*lla.-AfterH*)mon,,fro,nK.™h(.|t.nrt^IeWBr. 

nected  with  them 

by  the  terminal  thread-plates.     The  genital  rudiments  advance  thus 

to  the  dorsal  side  of  the  developing  mid-intestine  (Fig.  rtiii,  (/z). 

The  terminal  thread-plate  (<•/)  is  at  first  a  simple  epithelial  plate. 
Soon,  however,  follows  an  arrangement  of  its  cells  whereby  they 
appear  to  be  arranged  in  vertical  rows,  each  one  of  which  corre- 
sponds to  a  developing  ovarian  tul)e.  In  this  way  the  terminal 
thread-])late  separates  into  the  separate  terminal  threads  of  the  ova- 
rian tubes  (Fig.  550,  ef).  In  this  process  of  division  the  uppermost 
dorsal  edge  of  the  terminal  thread-plate  takes  no  part.  From  it 
afterwards  grows  a  thread  which  extends  anteriorly,  which  becomes 
the  common  terminal  thread  of  all  the  ovarian  tubes,  the  so-called 
Muller's  thread.      This   is  originally  united  with  the  pericardial 
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septum,  but  seems  in  later  stages  to  have  no  longer  an  intimate 
connection  with  it. 

The  formation  of  the  single  ovarian  tubes,  which  in  Phyllodromia 
number  about  20,  is  accomplished  by  the  extension  of  indentations 
from  the  dorsal  side  towards  the  ventral  side  of  the  ovarian  rudi- 
ment (Fig.  550).  At  the  same  time  the  epithelial  cells  (€•/>),  which 
were  originally  situated  in  part  between  the  genital  cells,  become 
arranged  in  the  form  of  an  epithelium  on  the  surface  of  the  ovarian 
tubes,  which  soon  forms  on  its  outer  surface  a  structureless  cuticular 
tunica  propria.  The  outer  peritoneal  membrane  of  the  ovary  be- 
comes formed  of  the  cells  of  the  surrounding  tissue  of  the  fat-bodv. 

The  genital  rudiment  originally  extends,  as  already  stated,  from 
the  2d  to  the  7th  abdominal  segment.  In  the  last,  however,  the 
genital  cells  at  first  occur  only  sparingly,  and  afterwards  completely 
disappear,  so  that  here  the  genital  cord  appears  composed  of  epi- 
thelial cells  only.  This  part  is  the  rudiment  of  the  oviduct  proi»er, 
and  forms  a  direct  continuation  of  the  above-mentioned  cell-cord 
which  is  situated  ventral  ward  from  the  genital  cells,  from  which, 
as  we  have  seen,  the  proximal  cup-shaped  section  of  the  oviduct  is 
formed.  The  hinder  section  of  the  oviduct  turns  down  ventrally  in 
order  to  unite  at  the  boundary  between  the  7th  and  8th  alxloniinal 
segments  with  the  hypodermis.  The  rudiment  of  the  oviduct  origi- 
nally forms  a  solid  strand  of  cells.  Afterwards  a  cavity  is  formed 
by  the  separation  of  the  cells. 

Ill  later  stages  there  is  a  considerable  shortening  of  the  genital  nuliuient,  *<> 
that  it  occupies  a  smaller  number  of  abdominal  segments  than  at  first.  At  tbc 
same  time  the  single  ovarian  tubes  pass  out  of  their  originally  vertical  p<k«itit»n 
into  one  more  horizontal. 

The  paired  connections  of  the  rudiments  of  the  oviducts  with  the 
hypodermis  of  the  intersegmental  furrow  between  the  7th  and  Mb 
abdominal  segments  reminds  us  of  the  conditions  in  the  Ephemeridap. 
This  is  the  primitive  condition  in  insects.  In  the  female  of  Phyllo- 
dromia there  is  developed  during  larval  life,  from  an  ectodermal 
invagination,  an  unpaired  terminal  section  of  the  genital  passajre, 
which  becomes  the  genital  pouch  in  which  the  egg-case  (oothe<ni» 
is  held.  This  genital  pouch  is  formed,  as  Haase  has  alread}'  proveil. 
by  the  withdrawal  of  the  chitinous  ventral  plate  of  the  8th  and  9th 
abdominal  segment  by  invagination  into  the  interior  of  the  body. 

The  development  of  the  efferent  passages  has  been  investigattnl 
by  Nusbaum  in  the  cockroach  (Periplaneta)  and  in  the  Pedieulin.i. 
He  found  that  only  the  vasa  deferentia  and  the  oviducts  arise  fn>ui 
the  hinder  cord  of  the  germs  of  the  sexual  glands,  that  is,  out  of 
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the  mesodermal  rudiments,  while  the  other  parts  of  the  sexual 
efferent  apparatus  (uterus,  vagina,  receptaculum  seminis,  ejacula- 
tory  duct,  penis,  and  all  the  accessory  glands)  develop  from  the 
integuraental  epithelium  and  are  of  ectodermal  origin.  In  fact, 
the  unpaired  parts  (uterus,  penis,  receptaculum  seminis,  unpaired 
glands)  have  developed  from  paired  rudiments,  being  outgrowths  of 
the  hypodermis.  The  hinder  portions  of  the  rudiments  of  the  sexual 
glands  approach  these  hypodermal  growths  and  fuse  with  them. 
Through  a  median  fusion  of  the  paired  hypodermal  growths  arise 
the  germs  of  the  unpaired  organs.  These  observations  are  in  com- 
plete agreement  with  the  results  at  which  Palmdn  arrived  by 
anatomical  investigation  (see  p.  492). 

From  the  agreement  of  the  position  of  the  sexual  openings  in 
Phyllodromia  with  the  conditions  observed  in  the  Ephemeridae,  with 
which  the  Perlidae  also  agree,  we  conclude  that  in  the  entire  group 
of  insects  an  opening  between  the  7th  and  8th  abdominal  segments 
is  the  primitive  condition,  and  that  only  by  a  secondary  shift- 
ing has  a  more  posterior  position  of  the  opening  (in  many  forms) 
been  brought  about.  In  this  category  we  must  certainly  include 
the  Thysanura,  in  which  the  sexual  opening  is  single  and  situated 
between  the  8th  and  9th  abdominal  segments. 

Development  of  the  male  germinal  glands.  —  These  rudiments  arise 
in  exactly  the  same  manner  as  those  of  the  female.  Sexual  differen- 
tiation takes  place  in  the  later  embryonic  stages.  We  then  notice 
that  in  the  male  four  masses  of  genital  cells  become  surrounded  by 
epithelial  cells.  These  masses,  which  form  the  germs  of  the  four 
testicular  follicles  of  Phyllodromia,  stand  in  intimate  union  with 
the  rudiment  of  the  vas  deferens,  and  in  the  later  stages  move  in 
connection  with  the  latter,  away  from  and  behind  the  original 
genital  rudiment.  There  remains,  then,  with  the  terminal  thread- 
plate  a  remnant  of  the  genital  rudiment,  which,  according  to  Hey- 
mons,  forms  the  female  part  of  the  original  hermaphroditic  genital 
rudiment,  and  in  special  cases  'may  develop  even  into  rudimentary 
egg-tubes  and  eggs.  The  rudimentary  organ  arising  out  of  this 
genital  rudiment  may  also  be  demonstrated  in  the  adult  male  of 
Phyllodromia. 

In  the  female  the  oviduct  arises  directly  out  of  the  originally 
established  efferent  passage.  In  the  male,  on  the  contrary,  it  is 
not,  along  its  whole  length,  transformed  into  the  vas  deferens,  but 
its  distal  terminal  portion  degenerates  and  is  replaced  by  a  newly 
formed  terminal  portion  of  the  vas  deferens,  which  then  unites  with 
the  ectodermal  ductus  ejaculatorius.     (Korschelt  and  Heider.) 
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On  reviewing  the  facts  as  to  the  origin  of  the  sexual  organs,  aB  in  Pbyllo- 
droinia,^  as  just  described,  it  will  be  seen  that  they  afford  proof  that  in  the 
derivation  of  the  genital  cells  from  the  epithelial  cells  of  the  coelom-sacs,  there 
is  a  direct  agreement  with  the  annelids.  In  the  later  development  of  the 
paired  genital  glands,  and  of  an  efferent  passage  standing  in  direct  union  with 
the  glands  themselves,  there  is  a  certain  agreement  with  the  conditions  in 
Peripatus.  In  the  first  place,  the  dorsal  position  of  the  genital  glands  is  the 
same  in  the  two  groups.  On  the  other  hand,  the  genital  glands  of  Peripatos, 
according  to  Sedgwick,  are  formed  by  direct  fusion  of  the  successive  coBlom- 
sacs  (and  a  similar  point  of  view  has  been  taken  by  Heathcote  for  the  myrio- 
pods),  hence  it  results  that  in  Peripatus  the  genital  cavities  arise  out  of  the 
ccelom-cavities.  In  the  insects,  on  the  other  hand,  the  genital  rudiment  lies, 
to  be  sure,  in  the  wall  of  the  ccelom-sac,  but  the  genital  cavity  (lumen  of  the 
oviducts)  in  them  arises  separately  from  the  coelom-sacs,  while  the  ccelom-cavi- 
ties finally  become  a  small  part  of  the  definite  body-cavity.  We  must  consider 
the  conditions  in  Peripatus  and  the  myriopods  as  the  more  primitive,  directly 
pointing  to  the  annelids ;  on  the  other  hand,  those  of  the  insects  as  derived 
and  secondary. 

If  we  attempt  to  homologize  the  sexual  efferent  passages  of  insects  with  those 
of  Peripatus,  we  are  compelled  to  refer  them  to  a  modified  pair  of  nephridia, 
and  the  origin  of  the  latter  (Peripatus)  from  the  mesoderm  agrees  with  that 
of  insects.  In  general,  however,  in  the  development  of  the  sexual  outlets  d 
insects,  there  are  no  charqjcters  which  can  be  regarded  as  favorable  to  such  i 
view.    We  must  here  accept  the  fact  that  the  mode  of  development  is  secondary. 

Mention  should  be  specially  made  of  the  fact  we  owe  to  Heymons,  that  in  the 
genital  rudiment  of  Phyllodromia  the  genital  cells  and  epithelial  cells  can  be 
distinguished  from  each  other  from  the  very  beginning.  This  fact  does  O'lt 
favor  the  generally  accepted  view  that  the  follicle-cells  and  egg-cells  arise 
through  a  later  differentiation  from  one  and  the  same  kind  of  cell.  From  their 
first  origin,  indeed,  in  Phyllodromia,  both  kinds  of  cells  may  be  referred  to  the 
same  source. 

The  mode  of  origin  of  the  genital  rudiments  in  Diptera  and  Aphides  deserve 
special  mention.  In  these  groups  the  sexual  germs  are  present  in  very  early 
stages  of  life.  This  certainly  in  part  is  the  result  of  the  parthenogenctic  and 
p»dogenetic  mode  of  reproduction  in  the  two  groups,  which  leads  to  an  early 
differentiation  of  the  sexual  germs. 

Ill  the  Diptera  the  first  germs  of  the  genital  glands  are  represented  by  the 
polar  cells  (Fig.  651,  pz).  In  the  asexual  developing  eggs  of  the  oviparous 
Cecidomyia  larva,  before  the  formation  of  the  blastoderm,  there  separates^  fn»Bi 
the  hinder  pole  (/>)  a  rather  large  cell  rich  in  granules,  which  soon  divides  int*» 
two  and  afterwards  four  polar  cells.  After  the  completion  of  the  bla^t^viera 
these  polar  cells  then  pass  in  among  the  blastoderm  cells  (^t)  and  into  the 
interior  of  the  embryo,  where  they  are  in  later  stages  symmetrically  arraJlJ^?d 
in  two  groui>s,  and,  enveloped  by  the  cells  of  surrounding  tissues^  iransfimQed 
into  the  genital  rudiments.     (Metschnikoff.) 

In  Ciiironomus  (Fig.  552,  ;>),  according  to  Balbiani,  two  polar  cells  almost 
simultaneously  separate  from  the  hinder  pole  of  the  egg,  which,  by  di\i*i<w, 
form  a  group  of  four  and  eight  cells.  Exactly  as  in  the  case  in  Cecidomyia, 
these  cells  are  taken  within  the  embryo,  where  they  lie  divided  into  two  gn>up« 
on  each  side  of  the  proctodeum.     In  all  the  young,  freshly  hatched  larva*  ihe*r 

1  The  description  perhaps  applies  not  only  to  the  cockroaches,  but,  as  seen  frna 
the  similar  but  fragmentary  notices  of  Heider  and  of  Wheeler  on  tlie  Coleoptezt. 
may  be  common  to  insects  in  general. 
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two  spindle-flhaped  groups,  whose  cells  soon  increase  in  number,  may  be  seen 
situated  doraally  on  the  side  of  the  heart,  enveloped  by  a  clear  cellular  mem- 
brane which  ends  before  and  behind  in  a  ligament-like  termloal  thread.  The 
anterior  terminal  thread  is  the  rudiment  of  the  so-called  Mttller's  thread.  The 
thread  at  the  posterior  end  is  the  nidiment  of  the  paired  efferent  passage  of 
the  genital  glands,  Tlirongh  a  divinion  of  the  cells  tying  in  the  interior  of  the 
rudiments  of  the  ovarice,  there  results  the  form&tiou  of  a  rosetCe-shaped  group 
of  cells  which  corresponds  to  the  contents  of  an  ovarian  tube.  With  this  view 
o[  Balbianl  the  later  observations  of  Kitter  agree. 

As  in  the  Diptera,  bo  in  tlie  Aphides,  the  first  germs  of  the  genital  organs  are 
differentiated  very  early  in  life.  In  the  early  stage  in  which  through  an  invagi' 
nation  from  tlie  hinder  pole  of  the  egg  the  first  rudiment  of  the  amnion-cavity 
is  formed,  a  group  of  cells  becomes  separated  from  the  wall  of  this  invagi- 


«.  pprl|.h«nl  pn.lopki.tnLi'Wr(KcLmliiiitblaswml;  W.  bliLModerm  ;  rf,  tenlral  yolk; /.  .Ifvhliiii- 
nurk'[;  n.  nuniUv^cell  ("cnrpoi  luMiim"!  about  to  break  up:  j».  polu-cdlB. -After  )letH.'liiil- 
koff.  froni  Kortchelt  and  Hclder. 

nation  before  the  formation  of  the  lower  layer,  which  at  this  time  lies  as  an 
unpaired  roundish  mass  within  the  embryo.  This  group  of  cells,  according  to 
Balbianl  and  Wltlaczil,  has  arisen  by  division  of  a  single  cell.  Afterwanis  it 
becomes  horseshoe-shaped  and  divides  into  a  number  of  roundish  masses  of 
cells,  which  are  arranged  in  similar  numbers  on  each  side  of  the  median  plane 
of  the  body,  and  form  the  rudiments  of  the  terminal  fan  (Endf^her).  They 
are  covered  by  an  epithelial  envelope  which  passes  anteriorly  into  the  terminal 
threads,  posteriorly  into  the  efferent  passage.  The  origin  of  this  epithelial  case 
ia  unknown.  The  efferent  passages  of  the  separate  ovarian  tubes  are  united  into 
a  common  oviduct,  and  this  fuses  with  an  unpaired  ectodermal  inv^inatinn 
lying  under  the  hind  intestine  from  which  the  accessory  sexual  organs  are 
formed.    (Korscheli  and  Heider  from  Metsclinikoff,  Wiilaczll,  Will,) 

In  the  Ilymenoptera  Ganin  has  observed  in  the  embryo  of  Platygaster  the 
rudiments  of  the  sexual  glands  in  the  form  of  two  rounded  masses  situated  near 
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the  posterior  intestine  oud  appareDtl;  derived  from  the  same  bl&slema  or  IkhIi 

aH  the  latter. 

I'ljanin  sludied  these  organs  in  the  larva  of  the  honey-bee.     Thev  arc  t*o 

renifotlD  bodies  in   the  middle  of  which  will  soon  appear  the  orarian  tabs. 

They  also  give  birth  to  the  internal  parts  of  the  excretory  ducts,  while  tbf  ti- 

temal  part  oE  the  genital  tube,  as  also  the  accessory  glands  which  are  conDnud 

with  it,  are  derived  by  an  invaginatioa  of  the  hypodermis  at  the  surface  of  ih 

penultimate  segment. 

]>ohm  observed  in  the  larva  of  ants  the  rudiments  of  the  ovaries  in  the  f<>ni 

of  two  piriform  masses,  each  with  eight  prolongations  which  he  regardtil  b 

young  ovarian  tubes. 

In  KncyrtuB  Buiinii'^D  observed   the  rudiments  of  the  sexual  glands  in  ib 

middle  of  the  larval  period  ;  they  were  rounded  and  with  no  apparent  r-o- 
nection  with  the  neishbiTm; 
organs.  Afterwards  Ibw 
rudiments  elongated.  ^ 
proached  nearer  to  the  renml 
surface,  and  placed  themwIiH 
in  relation  with  somr  aw: 
cell-groups  which  api*»ml 
under  the  rectum,  and  irtar-l 
destined  to  form  the  fflmoi 
canal  (vas  deferens)  ami  k- 
cessory  glands  of  ilie  naiii 
organs.  He  thought  ihr  Kfi 
could  be  recnKnize<l  in  lb 
second  half  of  larval  liff.  i^ 
male  gland  being  disitnsnii'>)>-l 
by  its  rounded  shape  v>i 
smnller  size  :  tli«>  ovarr  hi  a- 
oval  form  and  larger  aizr.  li 
larvas  ready  to  he  iranBfi'rai'J 
the  testis  forineil  a  wll.mf 
mass  envelojied  by  a  ouiitlf 
and  at  its  hinder  enJ  rf' 
longed  into  an  f|iiiiirlial or^ 
which  is  undoubtedly  tbt  ™ 
deferens.  The  llvar^■  li»il  ' 
similar  envelope,  ami  fn'xi  i^ 
destined  to  become  the  orwat 


Fin.  .V«,  — Thm 


isi.'r'K.'irNhaull^n-l  ".'Tyrik  :  ^'"nw^^iV  .'.I'TbrT.nnlni 


e  epithelial  cords  which  w 


m.  Lengtb  of  mnbryonlc  life 

The  duration  of  embryonic  life  varies  greatly  in  different  insfif'- 
The  embryo  of  tlie  blow-fly  is  fully  developed  in  less  than  1'4  lioiir*. 
that  of  the  house-fly  in  '24  hours.  Tn  the  locusts  and  treetri'-t't 
the  oinhryos  liegin  to  develop  at  the  end  of  the  summer,  oontinuinC 
to  grow  until  the  cool  weather  of  autumn,  when  Rrawth  is  arrestf"- 
the  later  stages  l>eing  finished  in  the  latter  part  of  the  sprinp-  '' 
ia  so,  likewise,  with  the  embryos  of  many  moths  and  other  inseci- 
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n.  The  procesB  of  hatching 

This  has  been  observed  only  in  a  few  cases,  and  careful  observa- 
tions as  to  the  exact  manner  in  which  the  embryo  breaks  the  egg- 
shell and  frees  itself  from  the  amnion  are  much  needed.  Also  the 
rapid  changes  of  form  from  that  of  the  embryo  within  the  egg-shell, 
and  that  which  it  immediately  assumes  after  breaking  forth  from 
the  shell  and  membranes,  have  yet  to  be  observed;  for  these  will 
undoubtedly  be  found  to  have  special  phylogenetic  significance. 
Indeed,  the  phylogenetic  importance  of  the  latest  embryonic  changes 
in  insects  just  entering  on  the  nymph  or  the  larval  stages  is  very 
great,  though  little  attention  has  as  yet  been  bestowed  upon  the 
matter. 

As  regards  the  changes  at  the  time  of  hatching,  Wheeler  tells  us 
that  the  cockroach  (Phyllodromia),  shortly  after  leaving  its  narrow 
place  in  the  egg-capsule,  undergoes  a  peculiar  change  in  shape. 
Before  hatching,  and  when  confined  in  the  egg-shell,  the  body  is 
about  one-third  as  wide  as  thick;  but  soon  after  breaking  out  of  the 
chorion  its  body  is  much  flattened,  its  dorso-ventral  diameter  being 
only  about  a  third  as  great  as  its  greatest  breadth.  This  shows  that 
the  flattened  shape  of  the  body  of  cockroaches,  which  adapts  them 
for  their  life  under  bark  and  stones,  is  a  very  late  inlieritance,  and 
that  these  insects  have  descended  from  those  with  more  cylindrical 
bodies.  The  end  of  the  body,  also,  which  in  the  egg  is  bent  under- 
neath the  abdomen,  is,  after  hatching,  bent  dorsally,  as  indicated 
by  the  anal  stylets,  which  now  point  directly  upwards  and  outwards. 
The  spines  and  claws  are  developed  shortly  before  hatching.  In 
the  Locustidae  (Xiphidium,  etc.)  Wheeler  has  observed  that  the 
pleuropodia,  or  1st  pair  of  abdominal  temporary  embryonic  append- 
ages, are  shed  during  hatching.  All  the  other  embryonic  append- 
ages have  also  disappeared,  except  those  which  persist  and  have 
rapidly  become  modified  to  form  the  cercopods,  or  the  ovipositor. 

In  locusts,  as  we  have  observed  ^  in  the  case  of  Melanoplus  spretiiSy 
the  egg-shell  bursts  open  at  the  head  end,  when  the  nymph,  imme- 
diately after  extricating  itself  from  the  egg,  casts  off  a  thin  pellicle 
(the  amnion),  as  we  have  also  noticed  in  the  case  of  the  larvie  of  the 
flea,  currant  saw-fly,  and  other  insects.  Before  the  amnion  is  cast 
off,  the  young  nymph  is  almost  motionless,  but  by  slight  movements 
of  the  body  draws  itself,  in  about  five  minutes,  out  of  the  amnion. 
The  exact  process  of  extraction  is  as  follows :  While  it  lies  motion- 

^  Report  on  the  Rocky  Mountain  locust,  etc.  Ninth  Annual  Report  U.  S.  Geol.  and 
Geogr.  Survey  of  the  Territories  for  1875,  pp.  633,  634. 
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less,  it  puffs  out  the  thin,  loose  skin  connecting  the  back  of  the  head 

with  the  front  edge  of  the  prothorax.     The  distention  of  this  [art 

probably  ruptures  the  skin,  which  slips  over  the  head,   the  body 

meanwhile  curved  over  until  the  skin  is  drawn  back  from  the  head; 

when  the  latter  is  tlirown  back,  it  withdraws  its  anteniise  and  legs. 

and  tlie  skin  is  in  a  second  of  time  pushed  back  to  near  the  end  of 

the  abdomen;  tiually,  it  draws  its  hind  tarsi  out  of  the  skiu,  and  in 

a  moment  oi'  two  more  the  young  locust  frees  itself,  kicks  away  thf 

cast  skin,  which  resembles  a  little  white  crumpled  pellet,  and  which 

has  also  t>een   compared  to  a  diminutive   mushroom,    and  walb 

actively  off, —  sometimes,  however,  with  the  cast  skin  adhering  to 

the  end  of  the  abdomen.    Before  tlie  sht^ddiair 

of  the  amnion  the  body  and  legs  are  soft  anil 

flabby ;  immediately  after,  it  walks  firmly  oa 

its  legs.     All  the  eggs  hatched  —  at  least  one 

or  more  hundreds — at  about  the  same  time,  it. 

I    before  11  a.m. 

The  nymph  of  Slagmomaiitia  cai^oliiia  al» 
sheds  an  amnion-skin,  like  that  of  the  locus : 
but  the  embi-yo  before  easting  it  off  is  mucb 
elongated,  and  probably,  like  the  Euro]*"!!. 
Pio.ftM.— Locutijuitbe-  Mantis  ivlifiiosa,  the  curious  eloufiCiited  emhrvii^ 
ii^ed.^Emer"un"d*"''  *"'  have  the  Same  singular  habit  of  snspendb; 
themselves  by  threads,  as  shown  in  Fig.  "iiiM. 

The  account  by  Pagenstecher  of  the  first  ecdysia  o(  the  European  MantU  •" 
BO  extraordinary  that  we  aahed  Professor  Cockerel!  to  collect  the  e$;p)  of  oir 
Ktagmomantis  in  New  Mexico  and  send  them  to  us.  This  he  has  kitiillv  d'or. 
writing  that  he  can  "  hardly  recognize  a  true  luouit,  since  all  that  is  cast  >>9  s 
the  egg-iuembrane.  In  short,  Pageiislecher's  account  must  be  not  a  littl«  bi.'- 
lul,  unlexs  our  insect  differs  very  much  in  its  developcDent  from  .Viifitt>  r'li'ji''^ 
The  main  change  is  that  after  leaving  the  egg  the  thorax  eiiominuslj  elonni'-^ 
producing  a  bulging  out,  and  thrusting  the  liead  forwanl."  Our  obaemti-rj 
on  Hie  alcoholic  specimens  fully  corroborate  Cockerelt's  conclusions.  I'ltn.- 
stecher'K  figure  of  the  embryo  appears  to  be  inaccurate.  Sharp  state«  thai  li' 
batching  nyuiptis  remain  suspended  for  some  days  until  the  "  first  chai^  !i 
skiu  Is  effected,"    This  so-called  "skin"  is  evidently  the  amnion. 

The  17-year  Cicada,  after  hatcliing,  is  enveloped  by  the  ainni«u 
from  which  it  soon  extricates  itself,  and  then  drops  delil>er:»t«'ly  ^' 
the  ground,  "'its  specific  gravity  being  so  insignitieant  that  it  tilfc 
tlirough  the  air  as  gently  and  as  softly  as  does  a  feather."      (Riley. 

Other  insects,  as  caterpillars,  have  room  enough  to  turn  aMuad 
within  their  shell  and  to  eat  their  way  through  the  walls  of  0)^ 
chorion. 
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The  meat-fly,  eu  we  have  observed,  hatches  in  the  following 
manoer.  The  embryo  moves  to  and  fro,  the  body  twisting  until 
the  exochorion  is  ruptured;  the  egg-shell  splits  longitudinally,  and 
in  one  or  two  seconds  the  larva  pushes  its  way  out  through  the 
anterior  end,  and  in  a  second  or  two  more  extricates  itself  from  the 
shell.  The  latter  scarcely  changes  its  form,  and  the  larva  slips  owt, 
leaving  the  amnion  within. 

In  the  case  of  a  fossorial  wasp,  Speciua  ^eciosus,  which  carries 
Cieadce  into  its  burrow,  laying  an  elongated  egg  on  the  body  under 
the  median  thigh  of  its  victim,  the  larva  on  hatching,  Riley  states, 
"does  not  emerge  from  the  skin  of  the  egg,  but 
merely  protrudes  its  head  and  begins  at  once  to 
draw  nourishment  from    between   the   sternal 
sutures  of  the  Cicada." 

The  hatching  spines.  —  Animals  belonging  to 
quite  distinct  classes  are  provided  late  in  em- 
bryonic life  with  hard  knobs  or  spines,  which' 
are  temporary  structures  for  the  purpose  of 
breaking  or  cutting  open  the  egg-shell,  when  it 
is  too  thick  and  solid  to  be  ruptured  by  the 
movements  of  the  embryo.  The  embryos  of  cer- 
tain lizards,  turtles,  the  blind  worm  and  some 
snakes,  of  the  crocodile,  and  even  birds,  as  well 
as  the  duckbill  and  Echidna,  are  provided  with 
them,  always  occurring,  so  far  as  we  are  aware, 
on  the  end  of  the  upper  jaw.   In  the  Arthropoda  ' 

similar  structures  liave  thus  far  only  been  met  MuitS'wfth^nui* "«? 
with  in  myriopods  and  insects,  tliough  an  anal-  ju'ng'^i  aX- ™"non"of 
ogous  structure  on  the  cephalothorax  of  the  S'/fll5"'Jh">riw'*he "Si- 
embryo  of  phalangids  .has  been  observed  by  rm^ntaH^l^m  shi^"^ 
Balbiani.  lletschnikoff  describes  and  figures 
a  low  conical  spine  serving  this  purpose  situated  on  the  embryonal 
cuticle  over  the  head  of  the  advanced  embryo  of  Strougylosoma, 
and  one  on  the  3d  pair  of  mouth-parts  of  Ueophilus. 

In  the  winged  inseets,  the  embryo  of  Forficula  is  said  by  Heymons 
to  bear  a  single  spine  between  the  eyes,  which  serves  as  an  egg- 
tooth.  The  embryo  of  the  Hemerobidfe,  according  to  Hagen,  "opens 
the  egg  with  an  egg-burster  like  a  saw."  (Proc.  Bost.  Soc.  Nat. 
Hist.,  XV,  p.  247.)  Riley  states  that  the  egg-burster,  or  rtiptor 
ovi,  as  he  calls  it,  of  Corydalus  comutus,  has  "  the  form  of  the  com- 
mon immature  mushroom,"  and  he  adds  that  it  is  a  jiart  of  the 
amnion,  being  "easily  perceived  on  the  end  of  the  vacated  shell." 
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Wheeler  lias  observed  three  pairs  of  broad-based  chitiiious  "hatch- 
ing spines"  used  by  Doryphora  in  rupturing  its  embryonic  enve- 
lopes, and  which  are  secreted  by  pyramidal  thickenings  of  the 
hypodermis  (Figs.  555,  556). 

The  hatching  spine  of  Pviex  cania  (Fig.  557)  is  a  thin  vertical 
plate,  like  the  edge  of  a  knife,  situated  in  the  median  line  of  the 
head  very  near  the  posterior  end,  and  is  somewhat  cultriform,  the 
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upper  edge  slightly  liollow,  and  turned  up  a  little  at  the  anterior 
end.  Though  we  did  not  see  it  working,  it  is  situated  at  just  the 
point  on  the  head  where  it  would  come  in  contact  with  the  egg-shfll, 
and  it  was  evident  that  the  larva,  by  moving  its  head  back  and  forth, 
would  produce  a  slight  split  in  the  chorion  and  cause  it  to  burst 
asunder.  Later  on  in  larval  life  it  disappears,  probably  at  the  first 
moult. 
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PART  III.  — THE  METAMORPHOSES  OF  INSECTS 


We  have  seen  that  the  embryo  rapidly  passes  through  extraordi- 
nary changes  of  form,  and  now,  after  hatching,  especially  in  the 
insects  with  a  complete  metamorphosis,  the  animal  continues  to 
undergo  striking  changes  in  form,  in  adaptation  to  different  modes 
of  life. 

The  life  of  a  winged  insect,  such  as  a  butterfly,  fly,  or  bee,  may 
be  divided  into  four  stages:  the  embryo,  or  egg  state,  the  larva, 
pupa,  and  imago, — the  term  metamorphosis  being  applied  to  the 
changes  after  birth,  or  post-embryonic  stages  of  life.  The  trans- 
formations of  the  more  specialized  orders  of  insects  involve  wonder- 
ful changes  of  form,  which  are  only  paralleled  in  other  types  of 
animals  by  the  metamorphoses  of  the  echinoderras,  of  certain  worms, 
and  of  the  Crustacea,  as  well  as  by  those  of  the  frog.  An  insect, 
such  as  a  butterfly  or  bee,  during  its  post-embryonic  life  lives,  so  to 
speak,  three  different  lives,  having  distinct  bodily  structures  and 
existing  under  quite  dissimilar  surroundings  and  habits;  so  that  a 
caterpillar  is  practically  a  different  animal  from  the  pupa,  and  the 
latter  from  the  imago,  with  different  organs,  the  appendages  and 
other  structures  being  so  modified  as  to  be,  so  far  as  regards  their 
functions,  radically  different.  These  changes  of  functions  or  of 
habits  have  also  been  plainly  enough  the  exciting  cause  of  the  diver- 
gency in  structure  of  what  fundamentally  is  one  and  the  same  organ, 
the  change  having  been  brought  about  by  adaptation  of  the  same 
organs  to  quite  different  uses. 

The  changes  are  not  only  observable  in  the  body  and  its  append- 
ages, but  also  in  the  internal  organs,  and  consequently  are  both 
structural  and  physiological.  The  term  lai'va,  as  applied  to  the 
first  stage  of  animals,  is  a  very  variable  and  indefinite  one,  that  of 
insects  in  general  being  a  much  more  highly  organized  animal  than 
the  larva  of  a  worm,  starfish,  or  crustacean. 

a.  The  nymph  as  distinguished  from  the  lanral  stage 

As  there  is  no  marked  difference  between  the  different  stages  of 
the  young  in  the  insects  with  an  incomplete  metamorphosis  (Hetero- 
2q  693 
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metabola),  the  chief  difference  being  the  possession  of  the  rudiments 
of  wings  and  the  absence  of  a  resting  stage,  the  terms  larva  and 
jnipa  are  in  reality  scarcely  applicable  to  them,  and  we  much  prefer 
the  term  nymph,  first  proposed  by  Lamarck  for  the  active  "pupa" 
of  Orthoptera,  Hemiptera,  the  Odonata  and  Ephemeridae,  and 
adopted  in  part  by  many.  Indeed,  in  the  more  generalized  and 
older  orders,  the  larval  and  pupal  stages  are  not  differentiated, 
though  the  term  larval,  in  its  general  sense,  will  probably  always 
be  used;  just  as  we  speak  of  the  larval  stages  of  worms,  echino- 
derms,  or  Crustacea. 

Eaton  in  his  elaborate  work  on  the  Ephemeridse  employs  the  term  fiy»i/>A  to 
designate  all  the  aquatic  or  early  stages  in  the  development  of  the  young  after 
hatching,  and  he  urges  that  the  old-fashioned  usage  of  larca  and  pupa  seem 
scarcely  worth  retention.  "  Nymphs  are  young  which  live  an  active  life,  quit- 
ting the  egg  at  a  tolerably  advanced  stage  of  morphological  development  and 
having  the  mouth-parts  formed  after  the  same  main  type  of  construction  as 
those  of  the  adult  insect."  The  word  nymph  is  used  in  the  same  sense  by 
McLachlan,  and  by  Cabot.  Calvert  also  applies  the  term  nymph  *^  to  the  stage 
of  odonate  existence  between  the  egg  and  the  transformation  into  the  imago/* 
On  the  other  hand,  Brauer  applies  the  term  nymph  to  the  pupa  of  holometaboloos 
insects.     For  larval  Hyatt  proposes  the  term  nepionic. 

h.  Stages  or  stadia  of  metamorphooia 

The  intervals  or  periods  between  the  moults  or  ecdyses  of  cate^ 
pillars  and  other  cruciform  larvae  are  called  stages  or  stadia ;  thus, 
as  most  caterpillars  moult  four  times,  we  have  five  stages  or  stadia, 
or  stage  (stadium)  I  to  V.  As  observed  by  Sharp,  there  is,  unfort- 
unately, no  term  in  general  use  to  express  the  form  of  the  insect  at 
the  various  stadia;  "entomologists  say,  *the  form  assumed  at  the 
first  moult,'  and  so  on."  Hence  he  adopts  a  term  suggested  by 
Fischer,^  and  calls  the  insect  as  it  appears  after  leaving  the  egg  the 
first  instar,  and  what  it  is  after  the  first  moult  the  second  instar, 
and  so  on;  hence  the  pupa,  or  chrysalis,  which  assumed  that  condi- 
tion after  moulting  five  times  would  be  the  sixth  instar,  and  the 
butterfly  itself  would  be  the  seventh  instar. 

c.  AmetabolouB  and  metabolona  stages 

In  the  Synaptera  development  is  direct,  the  young  differing 
neither  in  form,  structure,  or  habits  from  the  adult.  Hence  they 
are  said  to  be  ametabolous.  Since  there  is  an  absence  of  even  a  ten- 
dency to  a  partial  metamorphosis,  it  is  evident  that  the  insects  have 
not  inherited  a  tendency  to  undergo  a  transformation,  but  that  it  is 

^  Orthoptera  EuropaBa,  1853,  p.  37. 
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an  adaptation  induced  in  the  hexapod  type  after  the  first  winged 
insects  appeared,  and  which  became  more  marked  in  the  more 
specialized  insects  and  at  a  period  comparatively  late  in  geological 
history,  i.e,  perhaps  at  or  soon  after  the  beginning  of  the  Car- 
boniferous period.' 

The  transformations  of  the  pterygote  insects  vary  greatly  in 
degree,  and  it  is  difficult  to  draw  the  line  between  the  grades. 
Those  in  which  the  adults  differ  from  the  freshly  hatched  young 
only  or  mainly  in  having  wings  are  generally  said  to  have  an  incom- 
plete or  gradual  metamorphosis.  There  is  no  inactive,  resting,  or 
pupal  stage,  and  the  wings  are  acquired  only  after  successive  moults. 
Insects  with  an  incomplete  metamorphosis  are  the  Orthoptera, 
Dermaptera,  Platyptera  (Mallophaga,  Plecoptera,  Corrodentia, 
Embidse),  Ephemeridae,  Odonata,  Thysanoptera,  and  Hemiptera, 
with  the  exception  of  the  male  Coccidae,  in  which  there  is  a  resting 
or  subnymph  stage.  As  regards  the  number  of  moults  in  the 
Synaptera,  Grassi  states  that  in  Campodea  there  is  a  single  frag- 
mentary ecdysis,  while  Sommers  tells  us  that  Macrotoma  plumbea 
sheds  its  skin  throughout  life,  even  after  attaining  its  full  size. 

As  an  example  of  the  partial  metamorphosis  of  the  hemimetabo- 
lous  insects  we  may  select  that  of  the  locust,  in  which  there  are  five 
moults  and  six  stages  (instars),  as  seen  in  Fig.  558,  five  of  which 
are  nymphal.  In  the  first  two  stages  there  are  no  rudiments  of 
wings,  these  appearing  after  the  second  moult.  Besides  the  acqui- 
sition of  wings  there  are  slight  differences  after  each  moult,  both  in 
structure  and  color,  besides  size,  so  that  we  may  always  recognize 
the  comparative  age  and  the  particular  stage  of  growth  of  any 
individual.* 

We  have  watched  the  development  of  Melanoplus  spretus  from  the  egg  to  the 
imago,  and  examined  thousands  of  specimens  which  show  the  six  stages.  On 
the  other  hand,  European  authors  differ  as  to  whether  there  are  three,  four,  or 
five  moults  in  the  migratory  locust. ^  It  is  not  improbable  that,  as  is  tlie  case 
with  many  other  insects,  the  number  of  moults  may  vary  according  to  the  tem- 
perature and  food,  variation  in  these  agencies  causing  either  retardation  or 
rapidity  in  development. 

Those  with  a  complete  metamorphosis  are  said  to  be  metdbolous 
or  liolometaboloua,     (Lang.) 

1  In  his  Fiir  Darwin  (18<)3),  Fritz  Miiller  gives  his  reasons  for  the  opinion  that  the 
so-called  "  complete  metamorphosis  "  of  insects  was  not  inherited  from  the  primitive 
ancestor  of  all  insects,  but  acquired  at  a  later  period. 

2  For  further  details  see  the  Ist  Report  of  the  U.  S.  Entomological  Commission, 
1878,  pp.  279-281. 

'  See  Koppen  ueber  die  Heuschrecken  in  Siidrassland,  1862,  pp.  22,  23. 
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withont,  and  Melibdt 


Leach  '  in  1815  gave  the  name  of  Ametabola 
o  insects  witb  a  metamorphosiB. 


1  In  Simoaelle'a  The  Entomoloeliit's  Useful  Compeadlom.  1819.  Sm  Wnnn^ 
Closn.  Inaecu,  1.  p-  2 ;  Leach's  AmeMbolla  comprised  ths  Thyianun  (SynapUn)  *^ 
the  lice. 
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Latreille  (1831)  called  inaecU  with  an  Incomplete  metamorptLOsis  homotenova 
(which  means  similar  to  tlie  end  of  life),  and  those  with  a  complete  inetamor- 
phoais,  polj/morjikova.  For  the  different  degrees  of  metauiorpliosis  of  insects  he 
employed  two  terms :  for  the  incomplete  degree,  metamorphoaig  dimidia,  and  for 
the  total  or  pupal,  niftamorph'/iiig  pfrfecia. 

Westwood  in  hie  Introduction  to  the  Modem  Classification  of  InsecU  (1830), 
taking  into  account  ttie  relation  of  the  tarva  with  the  imago,  divided  insects  'mU> 
two  divisions ;  the  Heteromurpha,  or  those  in  which  there  is  no  resemblance 
between  the  parent  and  its  olfspring,  and  Homomorphn,  in  which  Uie  larva 
resembles  the  imago,  except  in  tiie  absence  of  wings. 

From  the  point  of  view  of  the  degree  of  metamorphosis,  insects 
have  been  divided  into  Beterometabola  and  Metabola. 

I.    Helerometabola. — This  group  maybe  divided  as  follows:  — 

1.    Manometaboiii,'  embracing  those  forms  with  a  slight  or  gradual 

metamorphosis,  but  which  are  active  in  all  the  stages,  without  any 


Prom  llilay. 


resting  stage.  The  orders  passing  through  this  degree  of  meta- 
morphosis are  the  following:  Orthoptera,  Dermaptera,  Platyptera, 
Thysanoptera,  and  Hemiptera  (Coccidie  excepted). 

In  all  these  groups,  the  only  external  differences  of  importance 
between  the  freshly  hatched  nymph  and  the  adult  is  tlie  presence  of 
wings.  The  chief  difference  internally  is  the  complete  development 
of  the  sexual  glands. 

It  should  be  observed,  however,  that  in  the  last  nymph  stage  of 
the  Thysanoptera  the  articulations  of  the  limbs  are  enveloped  by  a 
membrane  and  the  wings  enclosed  in  short  lixed  sheaths;  the 
antennte  are  turned  back  on  the  head,  and  the  insect,  though  it 
moves  about,  is  much  more  sluggish  thati  in  the  other  state. 
(Haliday.)  Hence  here  we  have  a  close  approach  to  the  following 
degree. 

2.   Heremelaboia,*  including  those  forms  with  a  gradual  though 
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sliglit  or  incomplete  metamorphosis,  but  with  a  quiesceut  or  resting 
stage  at  the  close  of  the  nymph  life.  Lang  has  emphasized  this 
stage,  calling  attention  to  the  fact  that  the  fore  legs  of  the  nymph 
of  the  17-year  Cicada,  which  lives  underground  on  the  roots  of  trees, 
are  thick  and  adapted  for  digging.  The  transition  from  the  nymph 
to  the  winged  adult  is  signalized  by  the  decided  change  in  form  of 
the  fore  legs,  as  well  as  by  the  acquisition  of  the  wings.  '*  The  Lost 
larval  stage  is,  then,  what  is  called  quiescent j  i.e.  the  organization 
of  the  imago  develops  within  the  chrysalis  at  the  expense  of  the 
accumulated  reserve  material."  (Lang.)  There  seems  to  be  a 
resting  stage,  when  the  insect  does  not  perhaps  suck  the  sap  from 
the  roots,  and  awaits  in  its  chamber  its  approaching  change  to  the 
imago;  but  we  should  scarcely  apply  the  term  pnpa  to  this  stage, 
though  tlie  antennae  of  the  freshly  hatched  larva  are  larger  and 
longer  than  in  the  fully  grown  nymph  and  are  distinctly  S-jointed 

3.  Hemimetabola. — In  this  division,  so  named  by  Brauer,  the 
changes  are  more  marked,  though  there  is  no  truly  inactive  pupa- 
like stage.  The  orders  are  Perlaria  (Flecoptera),  Odonata,  and 
Plectoptera  (Ephemeridae).  The  freshly  hatched  nymphs  of  these 
three  groups  are  much  alike  in  shape,  that  of  Perlidae,  and  indeed 
most  of  the  Platyptera,  being  more  generalized,  unless  we  except 
that  of  Chloeon ;  all  closely  recall  Campodea,  and  are  therefore  in 
the  Campodea-stage.  These  nymphs  are  indeed  more  generalized 
than  the  freshly  hatched  nymph  of  Blattidae,  or  any  other  of  the 
orders  mentioned  except  the  Platyptera,  to  which  perl  ids  belong. 
They  all  have  feet,  and  the  body  is  more  or  less  flattened.    (Fig.  560.) 

II.  Hohmetabola,  —  In  this  division  we  have  for  the  first  time  a 
true  larva,  and  a  pupa  stage  as  distinguished  from  the  imago.  More- 
over, the  insect  at  each  stage  is  distinguished  by  radical  differences 
in  form,  surroundings,  and  in  the  nature  of  the  food,  while  the  pupa 
is  inactive,  usually  immovable,  and  incapable  of  taking  any  food, 
and  is  often  protected  by  a  cocoon  spun  by  th6  larva.  The  holomet- 
abolous  orders  are  the  Xeuroptera,  Coleoptera,  Mecoptera,  Trich- 
optera,  Lepidoptera,  Siphonaptera,  Diptera,  and  Hymenoptera. 

As  we  liave  among  worms,  echinoderms,  and  Crastacea  certain  exceptiftD»l 
species  in  a  metamorphic  group  whose  metamorphosis  is  suppressed,  their  de- 
velopment being  direct,  so  there  is  in  pterygote  insects,  though  in  a  very  in«<* 
less  degree,  cases  of  direct  development.  In  the  wingless  cockroaches  such  t> 
Pseudoglomeris,  etc. ,  of  the  tribe  of  Periphaeriides,  in  some  of  which,  however, 
the  males  are  winged,  and  in  the  Hemiptera,  occur  wingless  forms  such  as  tbr 
lice  and  bed-bug.  The  Mallophaga  are  all  wingless,  while  certain  I)enn»pt*T» 
(Chelidura,  Anisolabis)  are  also  apterous.  The  absence  of  wings  in  such  «** 
is  due  to  disuse  from  parasitism,  or  to  a  life  under  stones  or  in  cracks  vxl 
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lissures,  where  the  insects  are  driven  to  avoid  their  enemies,  and  hence  do  not 
need  wings.  The  growth  of  wings  and  consequently  the  development  of  a  meta- 
morphosis is  suppressed,  so  that,  as  Lang  says,  *Mn  contrast  to  the  original 
ametabola  of  the  Apterygota,  we  have  here  an  acquired  ametabala,''^ 

It  is  rare  that,  after  the  rudiments  of  wings  have  once  appeared  in  the  very 
young,  they  should  disappear  in  the  late  nymph  stage ;  this  is,  however,  said 
by  Walsh  to  be  the  case  with  the  Ephemerid  Bsetisca  (Fig.  440).  This  is  a 
case  of  retardation  in  an  acquired  ametabolesis. 


THE   LARVA 

The  term  larva  is  peculiarly  applicable  to  the  young  of  the 
holometabolous  orders.  The  name  (Latin,  larva,  a  mask)  was  first 
given  to  the  caterpillar  because  it  was  thought  by  the  ancients  to 
mask  the  form  of  the  perfect  insect.  Swammerdam  supposed  that 
the  larva  contained  within  itself  "  the  germ  of  the  future  butterfly, 
enclosed  in  what  will  be  the  case  of  the  pupa,  which  is  itself  in- 
cluded in  three  or  more  skins,  one  over  the  other,  that  will  succes- 
sively cover  the  larva."  What  led  to  his  conception  of  the  nature 
of  these  changes  was  probably  his  observations  on  the  semi- 
transparent  larva  of  the  gnat,  in  which  the  body  and  limbs  of  the 
pupa  can  be  partially  seen;  for  Weismaun  has  shown  that  the  great 
Dutch  observer's  belief  that  the  pupal  and  imaginal  skins  were  in 
reality  already  concealed  under  that  of  the  larva  is  partially  founded 
in  fact.  Swammerdam  states:  "I  can  point  out  in  the  larva  all  the 
limbs  of  the  future  nymph,  or  Culex,  concealed  beneath  the  skin," 
and  he  also  observed  beneath  the  skin  of  the  larvie  of  bees,  just 
before  pupating,  the  antennae,  mouth-parts,  wings,  and  limbs  of  the 
adult.  But,  as  we  shall  see  farther  on,  the  discovery  by  Weismann 
in  the  larva  of  the  germs  of  the  imago  has  completely  changed  our 
notions  as  to  the  nature  of  metamorphosis,  and  revolutionized  our 
knowledge  of  the  fundamental  processes  concerned  in  the  change 
from  larva  to  pupa,  and  from  pupa  to  imago. 

Not  only  are  the  larvae  of  each  order  of  insects  characteristic  in 
form,  so  that  the  grub  or  larva  of  beetles  is  readily  distinguished 
from  those  of  other  orders,  or  the  maggot  of  flies  from  the  ai)odous 
larva  of  wasps  and  bees,  but  within  the  limits  of  the  larger  orders 
there  is  great  diversity  of  larval  forms,  show^ing  that  they  are  the 
result  of  adaptation  to  their  surroundings.  This  is  esi)ecially  the 
case  with  the  larvae  of  the  Coleoptera,  Lepidoptera,  Diptera,  and 
Hymenoptera. 

In  general,  the  larvae  of  insects  may  be  divided  into  two  types,  — 
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the  Campodea-form,  or  campodeoid,  sometimes   called  thysanuri- 
form,  and  the  ei*uciform. 


a.  The  Campodea-form  type  of  larva 

This  is  the  most  primitive  and  generalized  type  of  larva  (Fig.  560). 
A  Campodeoid  larva  is  one  nearest  in  general  shape  to  Cam[>odea, 
the  form  which  we  have  seen  to  be  the  nearest  allied  to  the  probable 
ancestor  of  the  insects,  and  it  also  resembles  the  nymphs  of  the 
heterometabolous  insects,  before  the  appearance  of  their  rudimentary 
wings. 

Brauer,  in  1869,^  first  suggested  that  the  larvae  of  a  great  number 
of  insects  may  be  traced  back  to  Campodea  and  lapyx.  The  Cam- 
podea-form larva  is  active,  with  a  more  or  less  flattened  body,  well 
developed  mandibulate  mouth-parts,  and  usually  long  legs.  The 
nearest  approach  to  the  form  of  Campodea  is  the  freshly  hatched 
nymph  of  cockroaches  (Blattidse),  Forficula,  Perlidse,  TermitidaB, 
Psocidae,  Embidae,  Ephemeridae,  Odonata,  especially  the  more 
generalized  AgrionidaB,  the  nymphs  of  Hemiptera,  the  larvae  of 
certain  Neuroptera,  the  active  pedate  larvae  of  the  more  generalized 
Coleoptera,  such  as  those  of  Carabidae,  Cicindelidae,  Dyticidae,  etc., 
and  the  first  larva  (instar)  of  Stylopidae  and  Meloidae  (Fig.  560,  d). 

While  the  Campodea-shape  is  retained  throughout  nymphal  life, 
of  the  orders  above  mentioned  the  Neuroptera  and  Coleoptera  alone 
have  a  true  resting  pupal  stage. 

It  should  also  be  observed  that  great  changes  in  the  form  of 
the  nymph  occur  within  the  limits  of  the  Orthoptera;  the  nymph 
of  all  the  families  except  that  of  the  Blattidse,  evidently  the  most 
generalized  and  primitive,  being  more  or  less  specialized,  while  the 
nymphs  of  the  other  orders  all  vary  in  degree  of  specialization  and 
modification.  The  process  of  adaptation  once  begun  went  on  very 
rapidly,  as  it  has  in  many  other  orders  of  insects,  as  well  as  in 
animals  of  other  phyla. 

1  At  the  same  date  (March,  18G9)  we  independently  suggested  that  the  idmcU 
hiid  originated  from  some  form  like  the  hexapodous  young  of  Pauropus  aiid  Podnra. 
In  November,  1870,  we  suggested  that  the  Thysanura  and  the  hexapodous  Leptos 
may  have  descended  from  some  Peri  pat  us-like  worm.  Afterwards  (1871)  we  propowd 
for  the  ancestral  form  the  term  leptifomif  which  was  later  abandoned  for  Brauer's 
te rm  Ca  mpodea-form . 


Fig.  560.  —Examples  of  canipodoold  nymphs  and  larvH*:  a,  Cami>odea;  ft,  Podara  (Th-gn'ria'' ; 
c.  Lfplsma;  d,  triunffulin  larva  of  MeloC* :"  <•.  Verla;  /.  Forficula;  ff,  Chlooon;  A,  Marfly  iftJ4iif»- 
Ilia) ;  i,  .Ettchna ;  J,  Atropos ;  k,  Myrmuleon  ;  /,  Slalls ;  m^  Corydalun  ;  n,  Cicada. 
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b.  The  emciiorm  type  of  larva 

Brauer  also  sagaciously  pointed  out  that  "a  larger  part  of  the 
most  highly  developed  iusects  assume  another  larva  form,  which 
appears  not  only  as  a  later  acquisition,  through  adaptation  to  cer- 
tain definite  conditions,  but  also  arises  as  such  before  our  eyes. 
Tiie  larvae  of  Lepidoptera,  of  saw-flies,  and  Panorpidse  show  the 
form  most  distinctly,  and  I  call  this  the  caterpillar  form 
(Raupenform).  That  this  is  not  the  primitive  form,  but  one  later 
acquired,  we  see  illustrated  in  certain  beetles.  The  larvae  of  Meloe 
and  of  Sitaris,  in  their  fully  grown  conditions,  possess  the  cater- 
pillar form,  but  the  new-born  larvae  of  these  genera  show  the 
Campodea-form.  The  last  form  is  lost  as  soon  as  the  larva  begins 
its  parasitic  mode  of  life.  .  .  .  The  larger  part  of  the  beetles,  the 
Neuroptera  (in  part),  the  bees  and  flies  (the  last  with  the  most 
degraded  maggot  form),  possess  larvae  of  this  second  form."  In 
1871  we  adopted  these  views,  giving  the  name  etuciform  to  this  type 
of  larvae,  and  afterwards  Lubbock  adopted  Brauer's  views.  Brauer 
considered  that  the  cruciform  larva  was  the  result  of  living  a  sta- 
tionary semi-parasitic  life  on  plants,  in  carrion,  or  burrowing  in  the 
trunks  and  branches  or  leaves  and  buds  of  trees,  where  they  do  not 
have  to  move  about  in  search  of  tlieir  food.  The  change  from  the 
Campodea-form  to  the  cruciform  larva  is  a  process  of  degeneration 
and  often  of  atrophy  of  the  limbs,  and,  in  the  footless  forms  of 
dipterous  and  hymenopterous  insects,  of  the  gnathites,  accompanied 
by  a  tendency  of  the  body  to  become  more  or  less  cylindrical. 

The  first  steps  in  the  origination  of  the  cruciform  larva  were 
apparently  taken  in  the  order  Neuroptera,  as  restricted  by  Brauer 
and  by  myself,  where,  though  the  larvae  are  campodeoid,  there 
is  a  true  resting  pupal  stage.  The  most  generalized  larval  form  is 
perhaps  that  of  the  Sialidae  (Fig.  560, 1),  in  which  the  body  tends  to  be 
slightly  cylindrical,  though  the  legs  are  long,  and  the  gnathites  well 
developed  for  seizing  and  biting  their  living  prey.  The  terrestrial 
larvae  of  the  Hemerobiidae,  though  modifications  of  the  sialid  larval 
form,  are  considerably  specialized  in  adaptation  to  their  active  car 
nivorous  habits.  But  the  life-history  of  Mantispa,  where  there  are 
two  larval  stages,  gives  us  plainly  enough  the  key  to  the  mode  in 
which  the  complete  metamorphosis  was  brought  about.  The  larra, 
born  a  true  Campodea-like  form,  with  large,  long,  4-iointed  legs,  has 

Fig.  561.  — Coleopterous  larvte  showlnfr  pftssaire  fW>m  cainpodcofd  to  eracifonn  brrv:  «.  ^ 
Haritaliis;  c,  Dyticus;  <f ,  StaphyUnns ;  «,  Sllpha ; /,  Melanactes :  (/,  Ludlus:  A,  EUter;  <,  I)o«ar»: 
j,  ('brynobothris :  k,  Orthosoma  ;  /,  Cocctnella;  m^  Byrrhus;  »,  Trox;  o,  p,  LaduMWtmia:  f- 
Labidomera ;  r,  Ptinus  ;  «,  Anobium ;  t^  BalaninuB  (entirely  apodous). 
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a  structure  which  would  enable  it  to  move  about  freely  after  its 
prey,  beginning  at  once  to  live  a  sedentary  life  in  the  egg-sac  of  a 
spider;  before  the  first  moult  it  loses  the  use  of  its  legs,  while  the 
antennae  are  partly  aborted.  The  result  is  that,  owing  to  this 
change  of  habits  and  surroundings  from  those  of  its  active  ancestors, 
it  changes  its  form,  and  the  fully  grown  larva  becomes  cylindrical, 
with  small  slender  legs,  and,  owing  to  the  partial  disuse  of  its  jaws, 
acquires  a  small,  round  head. 

Its  antennas,  mouth-parts,  and  legs  not  only  retarded  in  growth, 
but  retrograding  and  becoming  vestigial,  the  body  meanwhile 
becoming  fat  and  cylindrical,  an  apparent  acceleration  of  growth 
goes  on  within,  with  probably  an  enlargement  of  the  intestine  and 
fat-body,  and  thus  the  pupal  form  is  perfected  while  the  larva  is 
full-fed  and  quiescent.  It  is  not  improbable  that  in  the  primitive 
neuropteron,  as  the  result  of  a  mode  of  life  like  that  of  Mantispa, 
the  quiescent  life  of  the  later  stages  graduated  into  a  quiescent 
inactive  pupal  life,  allowing  the  changes  going  on  in  the  internal 
organs  to  result  in  a  complete  metamorphosis,  which  was  transmitted 
to  the  later  Neuroptera,  thus  making  the  complete  metamorphosis 
a  fixed,  normal  condition.  It  thus  appears  that  a  change  of  habits 
and  of  food,  and  more  especially  the  fact  that  the  nymph  became  so 
surrounded  with  an  abundance  of  food  close  at  hand  that  it  did  not 
have  to  run  actively  about  and  seize  it  in  a  haphazard  manner,  were 
the  factors  bringing  about  a  change  from  the  Campodea-form  nymph 
to  the  cruciform  larva,  thus  inducing  a  hypermetamorphosis. 

The  larvae  of  the  Mecoptera  (Panorpidae,  Fig.  562,  h)  are  still  more 
caterpillar-like,  and  besides  their  cylindrical  body,  rounded  head, 
small  short  gnathites,  small  thoracic  legs,  they  have  what  appear 
to  be  2-jointed  legs  to  each  of  the  nine  abdominal  segments,  and 
the  close  resemblance  to  caterpillars  is  farther  carried  out  by  the 
presence  of  a  pair  of  prothoracic  spiracles,  none  existing  on  the 
other  two  thoracic  segments. 

In  the  Meloidae  (Fig.  560,  d)  and  Stylopidae  the  first  larval  stage 
is  Campodea-form;  the  changes  will  be  described  in  the  subse- 
quent section  on  Hypermetamorphosis,  and  while  these  eases  of 
change  from  a  campodeoid  to  an  inactive  cruciform  larva  are  vert 
salient,  if  we  compare  the  graduated  series  of  larval  forms  through- 
out the  order  of  Coleoptera,  as  represented  by  the  illustrations  in 
Fig.  561,  we  shall  see  that  in  nearly,  if  not  each,  case  the  form  of 
the  boiring  or  mining,  or  bark  or  bud  or  seed-inhabiting  grub  is  the 
result  of  a  change  of  habit  and  commissariat  from  active  predaceoas 
larvae,  like  those  of  the  Carabidae  and  other  adephagous  families^ 


ERVCIFORM  LARV^ 


Examples  of  Erl'cifdrh  Larvx. 

Fifl.  5«a — Eiimpltia  nf  miulform  liirvif :   a,  PhrvMnpo:    ft.  Punornii;  e.  Setts;  rf,  rf.  t. 
pIlUn;  f    SeUiHlrU:/,  TIpuU;  tl-  i>lini>»ii>n  ;  h.  Chlnn»:  J.  Muioi;  J,  Tuhlm;  t.  Hniili 
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together  with  those  of  the  Staphylinidae,  with  their  flat  body,  big 
mandibles,  and  well-developed  niaxills,  to  the  cylindrical  bodies  of 
such  larvie  as  those  of  Deriiiestes  and  Anthrenus,  which  live  a  more 
sedentary  life,  to  the  root-feeding  wiie-worni  or  elaterid  larvte,  aod 
scarabeeid  grubs,  onward  to  the  phytophagous  Chrysoinelidie,  with  the 


Fia.  na.  —  Prodoraii  rlnfrrut:  a.  spoduus  lirvs:  h,  hwl  ind  prDlho 
(iMper,  -  Ancr'ttlify,  IWiu  Inwol  Lift. 

miniDg  and  boring  buprestids  and  cerainbycida, —  in  all  these  fonui 
we  see  a  gradual  atrophy  of  the  legs,  which  is  fully  carried  out  in 
the  vermiform  or  maggot-like  larva  of  the  weevils.  These  changes 
tliroughout  the  members  of  the  entire  order  are  epitomized  in  tbe 
life-history  of  the  Aleloidae,  in  wliich  there  are  three  typical  forms 
of  larva:  the  Campodea-form  (triungulin  stage),  eruciform  (seconJ 
or  carabidoid  stage),  and  vermiform  (coarctate)  larva. 

In  the  Lepidoptera  the  eruciform,  i>edate  type  is  adhered  to 
throughout  the  order,  with  the  rare  exception  of  the  nearly  apodons 
mining  larva  of  Prodoxus  (Fig-  563,  n),  I'liyl- 
locnistis,  and  Nepticula,  which  have  no  thoracic 
legs,  and  the  limacodid  larv^,  whose  abduroinil 
legs  are  totally  aborted,  while  the  thoracic  on« 
are  much  reduced  (Fig.  564). 
TAmne'odf  tcipha.  nil.  In  the  Hymenoptera  the  phytophagous  formi 
are  eruciform,  while  by  the  agency  of  the  saw^ 
factors  as  already  mentioned,  i.e.  a  sedentary  or  parasitic  life  and 
abundance  of  food  within  constant  reach,  the  larvte  lose  their  lep 
and  become  vermiform. 
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In  the  Diptera,  which  are  the  most  highly  specialized  of  insects, 
the  maggot  or  vermiform  shape,  and  absence  of  any  legs,  prevails 
throughout  the  order,  though  the  eucephalous  larvse  show  their 
origin  from  a  primitive  cruciform  type  of  larva.  The  highly 
specialized  larvae  of  the  Culicidse  and  Simlidae  are  undoubtedly 
related  to  the  earliest  and  most  generalized  types,  while  the  maggots 
of  the  parasitic  flies  (Tachinidae)  and  other  muscids  are  later  degra- 
dational  forms,  and  the  result  of  adaptation  induced,  as  in  the 
previous  cases,  by  a  sedentary  or  parasitic  mode  of  life,  living 
as  they  do  immersed  in  an  abundance  of  rich  nitrogenous  food, 
with  the  result  that  the  mouth-parts  have  become  atrophied  by 
disuse,  while  the  limbs  have  become  entirely  aborted,  though  the 
thoracic  imaginal  discs  develop  normally  in  the  embryonic  or  pre- 
larval  stages. 

It  appears,  therefore,  highly  probable  that  the  metamorphoses 
of  insects  are  the  result  of  the  action  of  change  of  conditions,  just 
as  the  polymorphism  of  Termites  is  with  little  doubt  the  result  of 
differences  of  food  and  other  conditions.  These  matters  will  be 
farther  discussed  under  the  head  of  Causes  of  Metamorphosis. 
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c.  Ghrowth  and  Increaae  in  sise  of  the  lanra 

The  rapidity  of  growth  and  enormous  increase  in  size  in  early 
life  is  especially  noticeable  in  caterpillars  and  other  phytophagous 
larvaB.  The  latest,  observations  are  those  of  Trouvelot  on  Tdea 
polyphemus.     When  this  silkworm  hatches,  it  weighs  ^  of  a  grain. 

When 

10  days  old  it  weighs      }  a  grain,  or      10  times  the  original  wei^t. 
20         "  "  3  grains  60         *»  " 

30         "  "  31       '»  620         "  '• 

40         **  "  90       **  1800         "  " 

60         **  '*  207       **  4140         "  " 

"When,"  he  says  "a  worm  is  30  days  old,  it  will  have  consumed 
about  90  grains  of  food;  but  when  56  days  old,  it  is  fully  grown  and 
has  consumed  not  less  than  120  oak  leaves,  weighing  f  of  a  pound; 
besides  this  it  h^  drank  not  less  than  ^  an  ounce  of  water.  So  the 
food  taken  by  a  single  silkworm  in  56  days  equals  in  weight  86,000 
times  the  primitive  weight  of  the  worm.  Of  this  about  |^  of  a 
pound  becomes  excrementitious  matter,  207  grains  are  assimilated, 
and  over  5  ounces  have  evaporated."  * 

Dandolo  stated  that  the  Asiatic  silkworm  (Bombyx  mori)  weighs  on  hatching 
not  over  yj^^  of  a  grain,  but  when  fully  grown  about  95  grains.  During  thif 
period,  therefore,  it  has  increased  9500  times  its  original  weight,  and  has  eaten 
60,000  times  its  weight  of  food.  Newport  thought  this  estimate  of  the  amount 
of  food  was  a  little  too  great.  But  comparing  it  with  Trouvelot's  estimate  for 
the  American  silkworm,  which  weighs  when  hatched  five  times  as  much,  it 
would  not  appear  to  be  so.  Newport  found  that  the  larva  of  Sphinx  liguttri  at 
the  moment  of  leaving  the  egg  weighs  about  j^  of  a  grain,  and  when  fully  fed 
125  grains,  so  that  in  the  course  of  32  days  it  increases  about  9976  times  its 
original  weight.  This  proportion  of  increase  is  exceeded  by  the  larva  of  Comshs 
ligniperda,  which,  boring  in  the  trunks  of  trees,  remains  about  three  years  in 
the  larva  state,  and  increases,  according  to  Lyonet,  to  the  amount  of  72,0U> 
times  its  first  weight. 

Newport  adds  that  those  larvpe  in  which  the  proportion  of  increase  is  the 
greatest,  are  usually  those  which  remain  longest  in  the  pupa  state,  as  in  the 
silkworm.  "Thus  Redi  observed  in  the  maggots  of  the  common  flesh-flies  » 
rate  of  increase  amounting  to  about  200  times  the  original  weight  in  24  houT&. 
but  the  proportion  of  increase  in  these  larvae  does  not  at  all  approach  that  of 
the  Sphinx  and  Cossus.''  From  his  observations  on  the  larva  of  one  of  tb^ 
wild  bees  (AntJiophora  retusa)  Newport  believes  that  this  is  also  the  case  with 
the  Hymenoptera.  The  weight  of  the  egg  of  this  insect  is  about  yj[„  of  a  grain, 
and  the  average  of  a  full-grown  larva  6^^^  grains,  so  that  its  increase  is  about 
1020  times  its  original  weight ;  "  which  compared  with  that  of  the  Sphinx  of 
medium  size,  is  but  as  1  to  9},  and  to  a  Sphinx  of  maximum  size  only  as  1  to 
a  little  more  than  11." 

1  Amer.  Naturalist,  1,  p.  85, 1867. 
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llie  growth  is  moat  rapid  after  the  last  moulL  "Thus  a  larva  of  Sphinx 
liguilri,  wliicb  at  its  last  change  weiglied  only  about  IS  to  20  grains,  at  the  ex- 
piration of  eight  ddys,  when  it  was  fully  grown,  weighed  nearly  120  grainii." 
(Newport.) 

d.  Th«  ptooMa  of  mooltliig  (eodTals) 

Insects  periodically  shed  the  exoskeletoii,  together  with  the  chi- 
tinous  lining  of  their  internal  organs  of  ectodermal  origin,  which 
thus  sloughed  off  are  called  the  exuvia.  The  process  in  the  locust 
has  been  described  by  Riley.'  It  occupies  from  half  to  three- 
quarters  of  an  hour  (Fig.  565).  This  process  has  naturally,  from 
the  ease  with  which   it  can   be  observed,   been   most  frequently 


olii  Ihe  lociiKt  I  Jf.  nirefM) :  a,  nympli  w1 
iLf  oul.  11  e.  nenrly  free ;  d,  Um  Imigo,  *1 


examined  in  the  Lepidoptera,  though  careful  and  detailed  observa- 
tions of  the  inner  and  outer  changes  are  still  greatly  needed,  espe- 
cially in  other  onlers.  In  the  caterpillar  of  most  ntotha,  especially 
one  of  tlie  more  generalized  bombycine  moths,  on  slipping  out  of 
its  egg-shell  tlie  head  is  of  enormous  size  as  compared  with  the  body, 
but  the  latter  aonn  fills  out  after  tlie  creature  has  eaten  a  few  hours; 
the  head,  of  course,  does  not  during  this  time  increase  in  size,  and 
the  larvie  of  different  instars  may  lie  exactly  distinguished,  as  Dyar 
has  shown,  by  the  measurements  of  the  head. 

Before  the  caterpillar  moults,  it  stops  feeding,  and  the  head  is 
now  small  compared  witli  the  body;  the  head  of  the  second  instar 
is  now  large,  situated  partly  under  the  much-swollen  prothoracic 
segment,  and  pushes  t)ie  head  of  the  first  instar  forward. 

Newport  has  well  described  tlie  mode  of  shedding  the  skin  .in 
1  FlFst  Rei).  U.  S.  Knt.  CoramiHsioii,  p.  281-283. 
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Sphinx  UguBtri,  and  his  detailed  description  will  apply  to  most 
lepidopterous  larvae. 

The  whole  body  is  wrinkled  and  contracted  in  length,  and  there  are  occa;$ion- 
ally  powerful  contractions  and  twitchings  of  its  entire  body  ;  the  skin  beo)uie» 
dry  and  shrivelled,  and  is  gradually  separated  from  tlie  new  and  ver^'  delicate 
one  of  the  next  instar  beneath.  After  several  powerful  efforts  of  the  larva  the 
old  skin  cracks  along  the  middle  of  the  dorsal  surface  of  the  mesothoracic  seg- 
ment, and  by  repeated  efforts  the  fissure  is  extended  into  the  lstand3dM^e- 
meiit,  while  the  covering  of  the  heivd  divides  along  the  vertex  and  on  each 
side  of  the  clypeus.  "  The  larva  then  gradually  presses  itself  through  the  open- 
ing, withdrawing  first  its  head  and  thoracic  legs,  and  subsequently  the  remainder 
of  its  body,  slipping  off  the  skin  from  behind  like  the  finger  of  a  glove.  This 
process,  after  the  skin  has  once  been  ruptured,  seldom  lasts  more  than  a  few 
minutes.  When  first  changed  the  larva  is  exceedingly  delicate,  and  \\s>  head, 
which  does  not  increase  in  size  until  it  again  changes  its  skin,  is  very  lanie  in 
proportion  to  the  rest  of  the  body."     (Art.  Insecta,  etc.) 

Trouvelot's  account  is  more  detailed  and  an  advance  on  that  of  Ne^r-pon's 
view.  He  explicitly  states,  and  we  know  that  he  was  a  very  close  obs*n>r. 
that  the  old  skin  is  detached  by  "a  fluid  which  circulates  between  it  and  il« 
worm."  His  account  is  as  follows:  The  polyphemus  worm,  like  all  other  silk- 
worms, changes  its  skin  five  times  during  its  larval  life.  The  moultins  tak«« 
place  at  regular  periods,  which  comes  around  about  every  10  days  for  the  fim 
four  moultings,  while  about  20  days  elapse  between  the  fourth  and  fifth  intuit- 
ing. The  worm  ceases  to  eat  for  a  day  before  moulting,  and  spins  some  >i'.t 
on  the  vein  of  the  under  surface  of  a  leaf ;  it  then  secures  the  hooks  of  it* 
hind  legs  in  the  texture  it  has  thus  spun,  and  there  remains  motionles.s;  '.^■n 
after,  through  the  transparency  of  tlie  skin  of  the  neck,  can  be  seen  a  i»^^\ 
head  larger  than  the  first,  belonging  to  the  larva  within.  The  moultins  sren**:- 
ally  takes  place  after  four  o'clock  in  the  afternoon ;  a  little  before  this  iimeil« 
worm  holds  its  body  erect,  grasping  the  leaf  with  the  two  pairs  of  bind  1-^ 
only ;  the  skin  is  wrinkled  and  detached  from  the  body  by  a  fluid  whirh  rir  i- 
lati's  between  it  and  the  worm  ;  two  longitudinal  bands  are  seen  on  each  si'i". 
produced  by  a  portion  of  the  lining  of  the  spiracles,  which  at  thiaj  niomeni  ha^r 
been  partly  detached ;  meanwhile  the  contractions  of  the  worm  are  very  en**:- 
getic,  and  by  them  the  skin  is  pulled  off  and  pushed  towards  the  posterior  pan 
the  skin  thus  becomes  .so  extended  that  it  soon  tears  just  under  the  neck.  .K.i 
then  from  the  head.  When  this  is  accomplished  the  most  difficult  operati"n  i» 
over,  and  now  the  process  of  moulting  goes  on  very  rai>idly.  By  repeat*^!  c*<^ 
tractions  the  skin  is  folded  t*>wards  the  tail,  like  a  glove  when  taken  off,  and  i.V 
lining  of  the  spiracles  comes  out  in  long  white  filaments.  When  alxmt  n.t- 
half  of  the  body  appears,  the  shell  still  remains  like  a  cap,  enclosing  the  jav> 
then  the  worm,  as  if  reminded  of  this  lot)se  skull-cap,  removes  it  by  ruWnn*  •• 
on  a  leaf;  this  done,  the  worm  finally  crawls  out  of  its  .skin,  which  is  atta>l*'i 
to  the  fastening  made  for  the  purpose.  Once  out  of  its  old  skin,  the  worm  nuk- 
a  careful  review  of  the  operation,  with  ita  head  feeling  the  aperture  of  v\>r^ 
spiracle,  as  well  as  the  tail,  probably  for  the  purpose  of  removing  any  hr\.^^' 
fragment  of  skin  which  might  have  remained  in  these  delicate  organs.  Not  '-r.' 
is  the  outer  skin  cast  off,  but  also  the  lining  of  the  air- tubes  and  iniestim**. '  " 
getluT  with  all  the  chewing  organs  and  other  appendages  of  the  hea<^.  Afw^ 
the  moulting,  the  size  of  the  larva  is  considerably  increased,  the  head  i>  larr 
compared  with  the  body,  but  8  or  10  days  later  it  will  look  small,  as  the  l*<i» 
will  have  increased  very  much  in  size.     This  is  a  certain  indication  that  thf 
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worm  is  about  to  moult.  Every  10  days  the  same  operation  is  repeated.  From 
the  fourth  moulting  to  the  time  of  beginning  the  cocoon  the  period  is  about 
16  days.     (Amer.  Naturalist,  i,  pp.  37,  38.) 

Little  has  been  recorded  as  to  the  exact  mode  of  casting  the  larval  skin  in 
Coleoptera.  Slingerland  states  that  Euphona  inda  when  pupating  sheds  the 
larval  skin  off  the  anal  end  in  the  same  way  as  in  caterpillai'S,  while  in  Pelidnota 
punctata  the  larval  skin  splits  down  the  whole  length  of  the  back,  retains  the 
larval  shape,  and  forms  a  covering  for  the  pupa  which  remains  inside.  (Can. 
Entomologist,  xxix,  p.  52.)  The  old  larval  skin  in  the  Coccinellidse  and  certain 
ChrysoHielixlae  is  retained  crumpled  up  at  the  end  of  the  body,  while  in  Dermes- 
tes,  Anthrenus,  etc.,  it  cloaks  the  pupa. 

Not  only  is  the  integument,  with  its  hairs,  setse,  and  other  armatures,  as  well 
as  the  cornea  or  facets  of  the  eyes,  shed,  but  also  all  the  lining  or  intima  of 
those  internal  organs  which  have  been  originally  derived  by  an  ingrowth  or 
invagination  of  the  ectoderm  are  likewise  cast  off,  with  the  probable  exception, 
of  course,  of  the  mid-intestine,  which  is  endodermal  in  its  origin.  Even  so  early 
an  observer  as  Swammerdam  noticed  that  the  internal  lining  of  the  alimentary 
canal  comes  away  with  the  skin.  He  states  that  the  larva  of  Oryctes  naaicornis 
sheds  both  the  lining  of  the  colon,  and  of  the  smaller  as  well  as  the  larger 
branches  of  the  trachese. 

Careful  observations  are  still  needed  on  the  internal  changes  at  ecdysis  of 
most  insects.  Newport  seems  to  have  observed  more  closely  than  any  one  else, 
notwithstanding  the  great  number  who  have  reared  caterpillars  but  have  not 
carefully  observed  these  points,  the  extent  of  the  process  internally.  He  informs 
us :  '*  The  lining  of  the  mouth  and  pharynx,  with  that  of  the  mandibles,  is 
detached  with  the  covering  of  the  head,  and  that  of  the  large  intestines  with 
the  skin  of  the  posterior  part  of  the  body,  and  besides  these  also  the  lining  of  the 
tracheal  tubes.  The  lining  of  the  stomach  itself,  or  the  portion  of  the  alimentary 
canal  which  extends  from  the  termination  of  the  cesophagus  to  the  insertion  of 
the  so-called  biliary  vessels,  is  also  detached,  and  becomes  completely  disinte- 
grated, and  appears  to  constitute  part  of  the  meconium  voided  by  the  insect  on 
assuming  its  imago  state."  (Art.  Insecta,  p.  876.)  Newport  states  on  anotlier 
occasion  that  he  had  *' noticed  the  remarkable  circumstance  [now  explained 
by  the  fact  that  the  mid-intestine  is  of  endodermal  origin]  that  the  mucous 
lining  of  the  true  ventriculus  was  not  cast  off  with  the  rest,  but  was  discharged 
with  the  fecula."!  Burmeister  also  observed  that  the  smaller  tracheae  as  well 
iis  the  internal  tunic  of  the  colon  of  Libellulse  are  shed. 

In  the  apodous  larvje  of  Hymenoptera  which  live  in  cells,  as  we  liave  observed 
in  those  of  Bombus,  during  the  process  of  moulting,  the  delicate  skin  breaks 
away  in  shreds,  probably  owing  to  the  tension  due  to  the  unequal  growth  of  the 
different  parts  of  the  body.  "Thus  after  the  skin  beneath  has  fully  formed, 
shreds  of  the  former  skin  remain  about  the  mouth-parts,  the  spiracles,  and  anus. 
Upon  pulling  upon  these,  the  lining  of  the  alimentary  tube  and  trachete  can  be 
drawn  out,  sometimes,  in  the  former  case,  to  the  length  of  several  lines."  ^  We 
then  added,  "  As  all  these  internal  systems  of  vessels  are  destined  to  change 
their  form  in  the  pupa,  it  may  be  laid  down  as  a  rule  in  the  moulting  of  insects 
and  Crustacea,  that  the  lining  of  the  internal  organs,  which  is  simply  a  continua- 
tion of  the  outer  tegument,  or  arthroderm,  is,  in  the  proce.ss  of  moulting, 
sloughed  off  with  that  outer  integument."  We  have  satisfied  ourself  that  in 
the  larvae  of  the  Lepidoptera  (e.g.  Datana)  the  tracheae  at  the  time  of  ecdysis 

1  Trans.  Ent.  Soc.  Ijondon,  iii,  p.  xv.  See  also  AshtoD,  R.  J.,  Trans.  Eut.  Soc. 
London,  iii,  1841-*3,  pp.  157-159. 

aProc.  Bust.  Soc.  Nat.  Hist.,  x,  1866,  p.  283. 
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undergo  a  complete  histolysis,  and  arise  de  novo  from  hypodermal  cells,  the  so- 
called  spiral  threads  originating  from  elongated  peritracheal  nuclei.  (See  p.  449, 
Fig.  412.)  This  is  undoubtedly  also  the  case  with  the  salivary  ducts,  which  are 
strengthened  and  rendered  elastic  by  tsenidia  like  those  of  tracheae.  As  the 
urinary  tubes  are  diverticula  of  the  proctodsBum,  itself  an  ectodermal  invagina- 
tion, they  may  also,  though  not  lined  with  a  chitinous  intima,  be  renewed.  With 
little  doubt  the  intima  of  the  ducts  of  poison,  spinning,  and  most,  if  not  all  the 
other  glands,  though  certainly  the  dermal  glands,  is  exuviated.  We  have  foand 
that  the  lobster  in  moulting  sheds,  besides  the  skin  with  the  most  delicate  sets, 
the  lining  of  the  proventriculus,  and  the  apodemes  of  the  head  and  thorax,  heuce 
it  is.  most  probable  that  the  tentorium  of  the  head  of  insects  as  well  as  the  apo- 
demes and  phragmas  of  the  thorax  are  exuviated. 

The  formation  of  the  inner  skin,  or  that  of  any  succeeding  stage 
(instar),  is  dne  to  the  secretion  of  the  structureless  chitinous  layer 
by  the  cells  of  the  hypodennis,  during  the  process  of  histogenesis. 
These  cells  at  this  time  are  very  active,  and  the  formation  of  the 
new  layer  of  chitine  arrests  the  supply  of  nourishment  to  the  old 
skin,  so  that  it  dries,  hardens,  and  with  the  aid  of  the  fluid  thrown 
out  at  this  time  separates  from  the  new  chitinous  layer  secreted  by 
the  hypodermis. 

Mention  of  this  fluid,  which  Newport  was  the  first  to  observe,  and  which  be 
says  causes  the  separation  of  the  old  from  the  underlying  fresh  integument  of 
the  caterpillar,  recalls  a  passage  in  Hatchett-Jackson^s  Studies  in  the  morphology 
of  the  Lepidoptera,  which  we  quote  on  a  succeeding  page,  where  he  calls  atten- 
tion to  the  formation  of  such  a  liquid,  which  in  the  reptiles  facilitates  the  proceas 
of  moulting,  adding,  **  Whether  such  is  the  case  with  the  moult  of  the  cater- 
pillar, I  do  not  know.*^  Is  it  not  also  possible  that  the  growth  of  the  sets  or 
tubercles  on  the  cuticle  of  the  caterpillar  may  likewise  serve  to  loosen  and 
detach  the  overlying  skin  about  to  be  cast  off  ?  After  writing  the  foregoing,  we 
find  that  Miall  and  Denny  have  suggested  that  the  setse  of  the  cockroach  prob- 
ably serve  the  same  purpose  as  the  casting-hairs  of  the  crayfish  and  reptiles. 

It  is  well  known  that  in  the  crayfish  and  in  lizards  the  skin  is  first  loosened 
by  the  growth  of  temporary  hairs  or  setse,  which  locally  grow  inward  from  the 
old  cuticle  and  push  the  skin  away  when  it  is  shuffled  off  by  the  movements  of 
the  body,  jaws,  and  limbs,  as  well  as  the  body  in  general.  * 

Such  spines  arise  in  the  pupa  of  many  insects,  for  Verhoeff  finds 
that  the  spines  and  teeth  of  pupal  fossorial  and  other  Hyraenoptera, 
as  well  as  Coleoptera,  function  as  moul  ting-processes  for  loosen  in.? 
and  pushing  off  the  last  larval  skin,  rather  than  for  locomotion.  He 
also  claims  that  the  spines  of  the  pupa  of  the  dipterous  Anthrax  arf 
both  for  locomotion  and  for  boring,  especially  the  spines  on  the  hea«l 
and  tail.  He  therefore  divides  these  pupal  spines  into  helcoder- 
matous  (boring  or  tearing)  and  locomotor  spines. 

^  See  Max  Braun's  article  entitled  Ueber  die  histologischen  Vorgange  bei  der 
Hautung  von  Astacus  fluviatilis,  with  a  full  bibliography,  in  Semper's  Arbeiteo  ibs 
dem  Zool.  zoot.  Institut  in  Wiirzburg,  ii,  pp.  121-106.  Also  Semper's  Animal  Iif«f 
p.  20.    Trouvelot  also  discovered  the  moulting  fluid.    (Amer.  Nat.,  I,  p.  37.) 
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Gonin  has  fully  confirmed  Newport's  discovery  of  the  exuvial 
fluid.  He  states  that  during  pupation  the  outside  of  the  pupa,  espe- 
cially the  parts  of  the  head  and  thorax  "  is  coated  with  a  viscous 
liquid  secreted  by  special  glands."  The  parts  only  harden  sub- 
sequent to  pupation  after  exposure  to  the  air  (p.  41).  His  observa- 
tions were  made  under  the  direction  of  Professor  Bugnion,  who 
kindly  writes  us :  — 

*^  M.  Gonin  has  proved  the  formation  of  a  liquid  which  passes  under  the 
cuticle  at  the  time  of  the  last  moult  and  facilitates  exuviation.  We  think  that 
this  liquid  is  secreted  by  large  cells  (unicellular  glands)  which  we  see  especially 
on  the  surface  of  segments  1-3.  These  cells  form  part  of  the  hypodermis,  and 
their  pores  open  under  the  cuticle." 

In  a  subsequent  letter  enclosing  a  sketch  kindly  made  for  me  by  M.  Gonin 
(Fig.  666),  Professor  Bugnion  writes  me  Aug.  24, 1897,  regarding  the  functions 
of  the  large  hypodennal  cells  (Z.  Ay),  as  follows:  *'It  seems  to  me,  in  fact, 
after  having  again  examined  the  sections,  that  the  function  of  these  cells  is 
not  sufficiently  elucidated.  Indeed  these  cells  occur  only  in  the  section  passing 
through  the  1st  segment,  between  the  head  and  1st  thoracic  segment.  It  would 
seem,  if  these  cells  supply  the  liquid  which  lubricates  the  surface  at  the  time 
of  ecdysis,  that  they  should  be  spread  over  the  entire  surface  of  the  body.  More- 
over, these  cells  have  no  distinct  orifice,  and  although  there  is  seen  at  times  to 
issue  streams  of  a  substance  (coagulated  by  the  reagents),  they  cannot  be  com- 
pared with  true  unicellular  glands  like  those  of  the  epidermis  of  fishes,  amphib- 
ians, etc. 

*'  On  the  other  hand,  if  it  is  the  blood  which  oozes  out  on  the  surface  (accord- 
ing to  your  hypothesis),  it  would  seem  that  the  loss  of  blood  would  cause  the 
death  of  the  larva.  1  believe  then  it  is  due  to  the  secretion  of  the  hypodermis 
which  spreads  over  the  whole  surface  when  the  cells  are  still  soft  (not  yet  hard- 
ened from  contact  with  the  air).  At  all  events,  there  is  a  liquid  spread  over  the 
surface ;  it  is  this  liquid  which  glues  the  wings  and  the  legs  to  the  body  at  the 
moment  the  caterpillar  issues  from  the  rent  in  its  skin.  If  at  this  instant  we 
plunge  the  pupa  in  the  water  the  liquid  is  dissolved,  and  the  feet,  wings,  etc., 
are  not  glued  to  the  body." 

Dr.  T.  A.  Chapman  also  writes  us:  "There  is  no  question  about  the  exist- 
ence of  a  fluid  between  the  two  skins  at  moulting.  In  hairy  larvae  the  hairs 
are  always  wet  at  first,  or  if  the  skin  be  renewed  rather  more  quickly  than  the 
larva  does  it  naturally,  the  wetness  of  both  surfaces  is  obvious.  I  do  not  know 
the  nature  of  the  fluid,  but  it  is  related  to  that  which  hardens  into  the  dense 
pupal  case,  and  also  hardens  in  a  less  degree  the  skin  of  the  larva.  I  suppose 
it  must  contain  some  chitine  in  a  soluble  form.  If  a  newly  cast  larva  skin  be 
taken,  there  is  no  difficulty  in  extending  the  shrivelled  mass  to  its  full  length 
and  dimensions,  but  if  a  short  time  elapses,  this  chitine  hardens,  and  the  skin 
cannot  be  extended  after  soaking  in  water,  alcohol,  ammonia,  or  any  other  sol- 
vent I  have  tried." 

It  has  been  stated  that  there  is  a  subimaginal  pellicle  in  Lepidop- 
tera,  but  as  Dr.  Chapman  writes  me,  "  what  has  been  observed  has 
been  some  of  the  inner  pupal  dissepiments,  such  as  the  pupal  cases 
of  the  under  wings,"  etc.  They  may  be  observed  in  the  head  of  the 
tineid  pupse,  and  other  small  moths.      We  have  thought  that  the 
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delicate,  purplish,  powdery  layer  left  in  the  cast  shells  of  the  pu|« 
of  saturnians,  Catocalae,  and  other  moths,  might  possibly  be  such  a 
pellicle,  but  this  view  has  been  dispelled  by  the  following  statement 
of  Professor  Bugnion  in  a  letter  answering  an  inquiry  whether  he 
had  noticed  such  a  pellicle. 

**  A  liquid  which  is  secreted  in  a  few  minutes  at  the  time  of  the  last  niouh. 
forms  in  drying  a  yellowish  layer  spotted  with  black  (in  Pieris  braasirce).  This 
layer  extends  around  the  entire  pupa,  and  serves  both  to  protect  it  and  to  glue 
toerether  the  wings,  legs,  etc. ,  in  their  new  position.  The  dried  liquid  on  ibe 
surface  of  the  pupa,  and  by  means  of  which  the  appendages  are  glued  to  tLe 
surface,  very  likely  corresponds  to  the  pellicle  of  which  you  speak. '^  The  newly 
exposed  integument  is  at  iirst  pale  and  colorless,  but  soon  assumes  the  hoes 
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Fio.  .')66.  — Transvorse  section  throiifrh  the  prothoracic  sefrment  (ventral  face)  of  krra  <*f  p. 
brustiica^,  about  12  hours  before  pupation  :  c.  culieula ;  /.  Ay.  larf^e  g^landulsr  (J)  hypo<Jern.a.  «- 
gradually  passing  into  normal  hypodermal  cells  (hy).  —  Gonin  de/. 


peculiar  to  the  species,  and  the  insect,  at  first  exhausted,  after  a  short  rrt* 
becomes  active. 

E.  Howgate  has  noticed  under  the  microscope  peculiar  internal  m<»vemfn:s 
in  a  small  immature  transparent  geometrid  while  moulting.     "  Each  iaeparau 
segment,"  he  says,  "commencing  at  the  head,  elongated  within  the  outer  sk:r., 
whilst  the  next  ones  remained  in  their  former  state.     Each  segment  in  its  xun 
behaved  in  this  curious  manner  until  the  la.st  was  reached,  when  the  m<  ti  •: 
was  reversed  and  proceeded  toward  the  head,  when  it  was  again  reversed.   . 
The  whole  proceeding  appeared  as  if  the  larva  was  gliding  within  iuself,  st^nt  .: 
after  segment,  the  outer  skin  remaining  as  if  held  by  the  other  seguient.^.  mtj'< 
the  particular  one  in  motion  freed  itself  within.     After  remaining  nioiii»n>-^ 
for  a  short  interval,  the  skin  near  the  head  swelled  and  burst  open  at  the  !•,'»•  fe 
.  .  .     Presently  out  comes  the  head  of  the  new  caterpillar,  pushing  forward  it' 
old  one.  .   .  .     After  a  short  struggle  the  new  true  legs  ap{)ear,  pushing  off  jh  i 
treading  under  foot  the  old  ones.     Then  by  violent  wriggling  movement*  th^ 
abdominal  legs  were  extricated.     Then  all  is  clear,  and  the  larva,  which  is  qu  *•' 
exhausted,  coils  itself  up  and  literally  pants  for  breath."      (The  Satan' «*i. 
November,  ISHo,  No.  124,  p.  300,  quoted  in  Psyche,  iv,  p.  327,  lh87.) 

Since  the  worms  and  most  other  ametabolous  invertebratea  are  n*^  knowi. : 
moult  their  integument,  the  body  steadily  increasing  in  size  without  fi^js-t' 
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changes  of  skin,  it  seems  that  growth  may  go  on  and  still  be  accompanied  by 
considerable  changes  in  shape  of  the  body  without  change  of  skin.  Frequent 
ecdyses  appear,  then,  to  be  the  result  of  the  great  and  sudden  changes  of  tlie 
body,  necessitated  by  the  adaptation  of  the  animal  to  new  or  unusual  conditions 
of  life.  In  young  Daphnia,  a  cladocerous  crustacean,  as  many  as  eight  moulu 
were  observed  in  a  period  of  17  days,  and  spiders  frequently  moult  even  after 
reaching  their  full  size.  The  swollen  bodies  of  the  gravid  female  of  Gastrophysa, 
Melog,  or  of  Termites,  and  of  the  honey  ant  show  that  the  skin  can  stretch  t<» 
a  great  extent,  but  in  the  metamorphoses  of  Crustacea  and  of  insects,  whose 
young  are  more  or  less  worm-like  or  generalized  in  form,  with  fewer  segments 
and  appendages,  or  with  appendages  adapted  for  quite  different  uses  from 
those  of  mature  life,  the  necessity  for  a  change  of  skin  is  seen  to  be  nece.ssary 
for  mechanical  reasons.  Hence  Crustacea  and  insects  moult  most  frequently 
early  in  life,  when  the  changes  of  form  are  most  thoroughgoing  and  radical,  while 
simple  growth  and  increase  in  size  are  most  rapid  at  the  end  of  larval  life,  as  seen 
both  in  shrimps  and  crabs,  and  in  insects. 

The  hibernating  caterpillars  of  certain  butterflies  are  known  to  moult  once 
oftener  than  those  of  the  summer  brood.  Mr.  W.  H.  Edwards  has  discussed  the 
subject  with  much  detail.  "There  seems,''  he  says,  **to  be  a  necessity  with, 
the  hibernators  of  getting  rid  of  the  rigid  skin  in  which  the  larva  has  passed  the 
winter ;  that  is,  if  the  hibernation  has  taken  place  during  the  middle  stages, 
as  it  does  in  Apatura  and  Limenitis.  In  these  cases  very  little  food  is  taken 
between  the  moult  which  precedes  hibernation  and  the  one  which  follows  it, 
and  the  larva  while  in  lethargy  is  actually  .smaller  than  before  the  next  previous 
moult.  The  skin  shrinks,  and  has  to  be  cast  off  before  the  awakened  larva  can 
grow.  Those  species  (observed)  whose  larva  moults  five  times  in  the  winter 
brood  recjuire  but  four  moults  during  the  summer."  He  adds  that  while  the 
larva  is  in  lethargy,  it  is  actually  smaller  than  before  the  next  previous  moult. 
Dr.  Dyar  writes:  "I  think  there  is  no  doubt  about  the  number  of  stages  of 
arctian  larvae.  They  seem  to  have  a  great  capacity  of  spinning  out  their  life- 
liistory  by  interpolated  stages  (as  regards  width  of  head).  I  think  it  is  because 
.so  many  of  them  hibernate,  and  only  a  single  brood  extends  throughout  the 
season."     (Psyche  iii,  p.  161.) 

On  the  other  hand,  it  is  difficult  to  understand  why  the  caterpillars  of  arctians 
moult  so  frequently,  nearly  twice  as  often  as  in  most  other  caterpillars,  though 
the  changes  of  form  and  armature  are  so  slight. 

Dr.  Chapman  also  writes  me  :  "  Arctians  re-semble  bcare  (Arctos),  polar  and 
others,  in  having  long  hairs  to  protect  them  during  winter,  and  are,  in  fact,  typi- 
cally hibernators.  Many  of  them  have  to  half-hibernate,  having  warmth  enough 
to  keep  them  awake,  but  not  enough  food  for  growth,  but  their  tissues,  at  least 
the  chitinous  ones  of  the  cutis,  and  also  probably,  and  perhaps  esiiecially,  of  the 
alimentary  canal,  become  old  and  effete,  and  require  the  rejuvenescence  acquired 
by  a  moult.     Other  smooth-skinned  hibernators  have  similar  capabilities." 

Cliapiuan  has  shown  in  his  paper  on  Acronycta  that  these  caterpillars  of  this 
genus  illustrate  how  larvae  may  lose  a  moult,  and  they  do  so  to  acquire  a  sudden 
change  of  plumage. 

The  number  of  moults  in  insects  of  different  orders.  — It  will  be  seen 
from  the  data  here  presented  that  the  number  of-  moults  is  as  a 
rule  greatest  in  holometabolic  insects  with  the  longest  lives,  and 
that  an  excessive  number  of  ecdyses  may  at  times  be  due  to  some 
]»liysical  cause,  such  as  lack  of  food  combined  with  low  temperature. 
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In  Campodea  there  is  a  single  fragmentary  moult  (Grassi),  while 
the  CoUembola  (Macrotoma  plumhea)  shed  their  skin  throughout 
life.     (Sommer.) 

In  the  winged  insects,  especially  Lepidoptera,  the  number  of 
moults  is  dependent  on  climate.  Insects  of  wide  distribution  grow- 
ing faster  in  warmer  climates  consequently  shed  their  skins  oftener; 
for  example,  the  same  species  may  moult  once  oftener  in  the  southern 
than  in  the  northern  States,  as  in  the  case  of  Callosaniia  promethfh 
which  in  West  Virgina  is  double-brooded.  Hibernating  lan'ae  moult 
once  oftener  than  those  of  the  summer  brood.  (W.  H.  Edwards  ■ 
Weniger  by  rearing  the  larvae  of  AntJiercea  mylitta  and  Eade»  ia- 
perialis,  and  which,  when  reared  under  normal  conditions,  actually 
have  six  stages,  found  that  whefi  reared  in  a  warm  moist  atmosphere 
of  about  25°  C.  they  have  but  five  stages,  «.e.  moult  but  four  times,  la 
the  hot  and  moist  climate  of  Ceylon,  A.  mylitta  has  but  five  stages. 
(Psyche,  v,  p.  28.) 

Among  Orthoptera  Acrydians  moult  five  times ;  Diaplkerontfp' 
femoraia  but  twice  (Riley) ;  a  katydid  {Microcentnim  refiwerrw" 
moults  four  times  (Comstock).  Mantis  rdigiosa,  according  to  Pagen- 
stecher,  moults  seven  times,  having  eight  stages,  including  that  be- 
fore the  amnion  is  cast,  but  the  first  "moult"  being  an  exuriatioa 
of  the  amnion,  the  number  of  stages  is  seven.  Cockroaches  (/Vn- 
planeta  americana)  are  said  by  Marlatt  to  "  pass  through  a  variabk 
number  of  moults,  there  being  sometimes  as  many  as  seven." 

In  the. Horaoptera  there  are,  in  general,  from  two  to  four  moults: 
thus  in  Typhloeyba  there  are  five  stages,  and  in  Aphis  at  least  thnr, 
and  in  Psylla  four  during  the  nymphal  state.  Psocus  has  f»»ur 
Riley  states  that  the  nymph  of  the  female  coccid,  Icerya  /mrcfcw. 
sheds  its  skin  three  times,  and  that  of  the  male  twice.  Notwith- 
standing its  slow  growth,  Riley  says,  the  17-year  Cicada  mouli? 
oftener  than  once  a  year,  and  the  number  of  larval  stages  probablj 
amounts  to  25  or  30  in  all.  The  bed-bug  sheds  its  skin  five  tim«. 
and  with  the  last  moult  appear  the  minute  wing-pads  characterise' 
of  the  adult.  In  Conorhinns  aanguisnga  there  are  '*  at  least  two  larra* 
stages  and  pupal  stages."     (Marlatt.) 

In  the  dragon-flies  moulting  occurs,  Calvert  thinks,  many  tiia*^ 
since  the  rudiments  of  wings  are  said  by  Poletaiew  to  only  aj^jf-^' 
in  odonate  nymphs  after  the  third  or  fourth  moult. 

In  the  May-fly,  Chloeon,  the  number  of  ecdyses  is  20.  The  n«.- 
ropterous  Ascalaphus  (Helecomitus)  insimulans  of  Ceylon  moult 
three  times  before  pupating.  Among  the  Mecoptera  Felt  has  sho*** 
that  Panorpa  rufescens  moults  seven  times. 
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In  Coleoptera  the  normal  or  usual  number  is  not  definitely  known ; 
MeloS  moults  five  times,  but  this  is  a  hypermetamorphic  insect ; 
Triholium  confusum  has  been  carried  by  Mr.  Chittenden  through 
seven  moults.  Phytonomus  j^unctatus,  the  clover-leaf  weevil,  moults 
three  times,  according  to  Riley,  who  has  observed  that  IJermestes 
vnlpinu^  passes  through  seven  larval  stages. 

In  the  breeding  jars,  with  plenty  of  food  and  a  constant  temperature  of  from 
68°  to  78°  F.^the  larvae  cast  their  Ist  skin  in  from  four  to  nine  days,  the  great 
majority  moulting  at  seven  days.  Under  the  same  conditions  the  2d  skin  was 
cast  at  from  four  to  seven  days,  the  majority  moulting  at  six  days  ;  the  3d  skin 
at  from  three  to  six  days,  the  majority  moulting  at  five  days  ;  and  the  4th  skin 
at  from  three  to  six  days,  the  majority  moulting  at  five  days ;  the  5th  skin  at 
from  five  to  seven  days,  and  the  6th  skin  at  six  days.  There  are  thus  seven 
larval  stages.     (Report  for  1885,  p.  260.) 

Riley  has  ascertained  that  by  rearing  isolated  larvsB  of  Tenehrio  molitor,  one 
after  being  kept  nearly  a  year  had  moulted  11  times,  when  it  died.  A  second 
larva,  hatched  June  5,  had  moulted  12  times  by  June  10  of  the  following  year, 
(1877),  when  it  also  died.  Of  T.  obscurus  three  larvie  were  reared  to  the  imago 
state.  One  moulted  11  times  by  Aug.  30  of  the  same  year,  pupated  Jan.  20, 1877, 
and  finally  became  a  beetle  Feb.  7,  1877.  The  other  two  both  moulted  12  times, 
and  reached  the  imago  stage  Feb.  18  and  March  9,  respectively.  *'  All  were,  as 
nearly  as  possible,  under  like  conditions  of  food  and  surroundings,  and  in  all 
cases  the  moult  that  gave  the  pupa  is  not  considered  among  the  larval  moults.^* 

Two  larvae  of  the  museum  pest  ( Trogoderma  tarsale)  were  kept  by  Riley  in  a 
tight  tin  box  with  an  old  silkworm  cocoon.  "They  were  half -grown  when 
placed  in  the  box.  On  Nov.  8,  1880,  there  were  in  the  box  28  larva  skins,  all 
very  much  of  a  size,  the  larva  having  apparently  grown  but  little.  The  skins 
were  removed  and  the  box  closed  again  as  tightly  as' possible.  Recently,  or  after 
a  lapse  of  two  years,  the  box  was  again  opened  and  we  found  one  of  the  larvae 
dead  and  shrivelled  up ;  but  the  other  was  living  and  apparently  not  changed  in 
appearance.  There  were  15  larva  skins  in  the  box.  He  could  not  tell  when 
the  one  larva  died,  but  it  is  certain  that  within  a  little  more  than  three  and  a 
half  years,  two  larvae  shed  not  less  than  43  skins,  and  that  one  larva  did  not, 
during  that  time,  appreciably  increase  in  size.  "  We  know  of  no  obsei*vations 
which  indicate  the  normal  or  average  length  of  life,  or  number  of  moults  in 
either  Tenebrio  or  Trogoderma,  but  it  is  safe  to  assume  from  what  is  known, 
in  these  respects,  of  allied  species,  that  in  both  the  instances  here  referred  to,  but 
particularly  in  the  case  of  Trogoderma,  development  was  retarded  by  insufficient 
nutrition,  and  that  the  frequent  moulting  and  slow  growth  resulted  therefrom, 
and  were  correlated."  ^    Further  observations  such  as  these  are  greatly  needed. 

Of  the  Siphonaptera  the  common  cat  and  dog  flea  (Pulex  ser- 
rcUiceps)  moults  three  times  before  pupating.     (Howard.) 

In  Lepidoptera  the  usual  or  average  number  of  moults  is  four, 
but  the  number  varies  considerably,  the  greatest  number  yet  known 
occurring  in  Phyrrarctia  Isabella,  which,  Dr.  Dyar  informs  me,  moults 
10  times. 

From  Dyar's  observations  it  appears  that  there  are  usually  five 

1  American  Naturalist,  xvii,  May,  1883,  pp.  t547,  548. 
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larval  stages,  but  six  and  seven  stages  are  not  infrequent,  while 
there  are  seven  in  Seirarctia  echo,  eight  in  Ecpantheria  scribonia, 
Scepis,  and  Apatelodes,  and  nine  and  ten  in  arctians,  while  the 
European  Nola  centonalis  moults  nine  times,  other  species  of  this 
genus  shedding  their  skins  six  times.  (Buckler.)  (Psyche,  v, 
pp.  420-422.)  CalloHamia  promethea  appears,  as  a  rule,  to  moult 
but  three  times.  Orgyia  antiqua  was  found  by  Hellins  to  moult 
from  three  to  five  times.  Riley  found  that  in  O.  leucostigma  the 
males  moult  four  times,  the  female  four,  but  sometimes  five  times, 
while  Dyar  states  that  in  O.  gulosa  the  male  larvae  moult  three  or 
four  times,  the  female  always  four  times;  in  O.  antiqua,  however, 
there  are  six  stages,  and  in  the  female  seven.  Lithocolletis,  Cham- 
bers thinks,  as  a  rule,  moults  eight  times,  and  Comstock  thinks  that 
//.  hamadryadeUa  casts  its  skin  seven  or  eight  times. 

In  the  blow-fly  (Calliphora)  Leuckart  and  Weismann  have  inferred 
at  least  two  moults^  while  Weismann  suspected  that  there  are  as 
manv  as  four.  In  Musca  (lomestica  we  have  observed  that  the 
larva  moults  three  times ;  in  Qiistrida;  there  are  three  larval  statlia. 
(Hrauer.)  In  Corethra  there  are  four  larval  moults,  and  Miall 
thinks  there  are  probably  as  many  in  Chironomus.  Passing  to  tlie 
phytoi)hagous  Hymenoptera,  there  are  three  moults  or  four  larval 
stages  in  Xematus  erichsonii,  but  Dyar  informs  us  that  less  than 
four  stages  in  saw-fly  larvae  is  very  rare,  that  he  has  only  one  reconi 
of  less  than  five,  and  that  that  is  doubtful ;  **  five  for  nematid,  six 
and  seven  for  others,  is  certainly  the  rule.  The  highest  I  have  is 
the  indication  of  11  stages  for  Harpfphonis  ran'anns,  bat  this  again 
is  an  inference  only,  and  attended  with  doubt."  (Can.  Ent.,  xxvii, 
]).  208.)  In  Bombus  we  have  observed  five  different  sizes  of  larvje. 
and  hence  suppose  the  least  number  of  ecdyses  is  five,  while  we  are 
disposed  to  believe  that  this  insect,  as  well  as  wasps  and  bees,  in 
general  shed  their  skins  as  many  as  eight  times  during  their  entii^ 
existence. 

The  honey-bee,  Cheshire  thinks,  since  he  has  found  the  old  and 
ruptured  pellicles,  probably  moults  six  times  before  it  spins  it^ 
cocoon,  or  passes  into  the  semipupa  condition.  (Itees  and  Ike- 
keeping,  p.  20.) 

As  to  the  cause  of  the  great  number  of  moults  in  the  arctians  and 
in  the  beetles  experimented  with  by  Riley,  it  would  seem  that  cold 
and  the  lack  of  food  during  hibernation  were  the  agents  in  arctians, 
and  starvation  or  the  lack  of  food  in  the  case  of  the  beetles,  such 
cause  preventing  growth,  though  the  hypodermis-cells  retaine<l  their 
activitv. 
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Reproduction  of  lost  limbs.  —  Here  might  be  discussed  the  sub- 
ject of  the  renovation  or  renewal  of  maimed  or  lost  limbs,  or  the 
reparation  of  other  injuries.  As  is  well  known,  the  coelenterates, 
echinoderms,  -and  worms  under  certain  circumstances  multiply  by 
self-division,  or  if  artificially  mutilated,  the  parts  are  gradually 
restored  by  cell-proliferation  or  histogenesis.  It  is  so  with  the 
antennae  and  legs  of  crustaceans  as  well  as  the  digits  and  tail  of 
salamanders.  The  experiments  first  made  by  Le  Pelletier*  on  spiders, 
and  later  by  Heineken,^  and  others  after  him,  on  different  spiders, 
as  well  as  on  Orthoptera  and  Hemiptera  (Blatta,  Reduvius,  etc.),  have 
proved  that  antennae  and  legs  and  other  external  parts  which  have 
been  injured  or  shortened,  or  entirely  cut  off  in  young  individuals, 
are  replaced  at  the  next,  or  after  successive  moults,  though  generall}' 
in  diminished  size.  This  does  not  usually  occur  in  adult  life,  and 
the  process  of  reparation  of  lost  parts  is  apparently  due  to  the 
active  growth  of  the  cells  of  the  parts  affected  during  the  process 
of  moulting,  when  the  histolysis  of  the  maimed  or  diseased  parts 
is  succeeded  by  the  rapid  development  of  new  cells,  not  only  of  the 
hypodermis,  but  also  of  the  more  specialized  tissues  within.  And 
this  tends  to  prove  that  such  histolysis  and  making  over  of  the 
muscles  and  other  structures  within  occur  especially  in  all  meta- 
morphic  insects,  and  also  in  ametabolous  forms,  though  the  process 
has  been  most  thoroughly  examined  in  the  Diptera,  where  these 
changes  are  more  marked. 

Gonin  has  found  that  the  thoracic  legs  of  the  caterpillar  corre- 
spond only  to  the  tarsi  of  the  imago  (Fig.  608).  It  results,  he 
says,  from  this  fact  that  in  accordance  with  the  observations  of 
Reaumur  (which  w^ere  wrongly  interpreted  by  Newport  and  Klinckel 
D'Herculais)  that  the  amputation  of  the  legs  of  the  larva  does  not 
involve  the  entire  leg,  but  only  the  extremity  of  tlie  leg  of  the  imago. 

Formation  of  the  cocoon.  —  While  the  larvaB  of  many  insects,  as  those 
of  the  butterflies,  suspend  tliemselves  before  transforming,  and  spin 
no  cocoon,  or  dig  into  the  earth  for  protection  and  to  secure  an 
immunity  from  too  great  changes  of  temperature,  a  large  proportion 
of  the  larvae  of  metabolous  insects  which  lead  an  inactive  pupal  life, 
line  their  earthen  cells  with  silk,  or  spin  a  more  or  less  elaborate 
case  of  silk,  called  the  cocoon.  We  have  seen  that  the  inactive  pupa 
of  the  male  scale-insects  is  covered  bv  the  scale  itself,  or  even  in 
one  case  the  insect  forms  a  true  cocoon  of  fibres  of  wax.    The  aquatic 

1  Tie  PeUetier,  A.  M.  L.,  Bulletin  de  la  Societd  Philomathiqiie,  Paris,  April,  1813. 

2  Heineken,  Carl.    Observations  on  the  reproduction  of  the  members  in  spiders 
and  insects.    (Zool.  Journ.,  1829,  vi,  pp.  422-4.'V2.) 
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larvEB  of  the  Neuroptera  and  Coleoptera  creep  out  of  the  water,  ud 
by  the  movements  of  their  bodies  make  a  rude  earthen  c«ll 
bank,  while  that  of  Donacia  spins  a  dense,  leathery 
cocoon  (Fig.  567)  in  the  earth.  The  larvae  of  the 
Embiida  are  protected  by  a  cocoon,  which  they 
renew  at  each  moult.  Coiiiopteryx  spins  an  orbicu- 
lar cocoon,  the  HemerobiidEe  a  spherical,  dense, 
whitish  one.  The  Trichoptera  transform  within  (n«iurj  )U.t »'  t" 
tlieir  larval  cases,  which  thus  serve  as  cocoons, 
as  do  certain  case-bearing  Lepidoptera,  notably  the  Psychidse. 
The  pupa  of  certain  leaf-eating  beetles  (Chrysomelidie),  as  well  a 
the  CoeciuellidEe,  Dermestida'. 
Hister,  etc.,  are  usually  prot^otni 
by  the  cast  larval  skin,  which  i: 
retained,  forming  a  rude  ahelwr. 
While  many  beetles  spin  an  ovi 
cocoon  (Gyrinus,  Silphidici.  ibr 
wood-boring  species  iuakeone<! 
chips  glued  together,  and  tliat  vi 
Lucanus,  which  feeds  on  decajK 
wood,  is  lined  with  silk  iFig. 
5C8).  Anobium  constructs  > 
silken  cocoon,  interweaving  the  fine  particles  of  its  tbin  castings, 
the  larviB  of  weevils  also  usually  spin  silken 


—  COCOOD    Uld    lOTTft 


Lwvk  (a),  pajMirluio  Vb 


BTO.  -  a,  E^  - 


The  larval  skin  of  the  coarctate  Diptera  is  retained  as  a  prot*<<^* 
for  the  soft-bo<lied  pupa  within,  the  old  larval  skin  separating  fr  ^ 
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the  integument  of  the  semipupa.  To  this  cocoon-like  covering  of 
the  coarctate  pupa  we  have  restricted  the  terra  puparium,  originally 
used  by  Kirby  and  Spence  to  designate  the  pupa.  The  puparium 
is  usually  cylindrical  or  barrel-shaped,  rounded  at  each  end. 

In  the  Diptera  cydorhapha,  or  common  house  and  flesh  flies,  etc., 
the  puparium  remains  in  vital  connection,  by  means  of  four  tracheae, 
with  the  enclosed  pupa,  which  escapes  from  the  case  through  a 
curved  seam   or  lid  at  the  anterior  end 
and  not  by  a  slit  in  the  back,  as  do  the  ^ 

orthoraphous  families,  represented  by  the 
horse-fly  (Tabanidse,  Asilidae,  Fig.  670), 
etc.,  where  in  some  cases  the  obtected  pupa 
remains  within  the  loose  envelope  formed 
by  the  old  larval  skin,  which  Brauer  calls 

a  false  puparium.  The  dry,  hard  puparium  ^/,^f  ^,-.,^X^,r;  t  'it 
is  burst  open   at  the  cephalic  end  when     tnii  view,  showing  exit  hoij  of 

"  ^  adult ;  0,  cap  which  splits  off  for 

the  fly  emerges,  by  means  of  the  frontal     ^*\^  <>'  ^\r/^^I  Si*""?',?^? 

•^  o      7      ^  Osborn,  Bull.  5,  Dlv.  Ent.  U.  S. 

vesicle,  which  is  distended  with  fluid  (Fig.     i>ept.  Agr. 
571). 

The  exact  mode  of  spinning  the  cocoon  by  caterpillars  has  been 
carefully  observed  by  L.  Trouvelot  in  the  case  of  the  polyphemus 
silkworm. 


*•  When  fully  grown,  the  worm,  which  has  been  devouring  the  leaves  so  vora- 
ciously, becomes  restless  and  crawls  about  the  branches  in  search  of  a  suitable 
place  to  build  up  its  cocoon  ;  before  this  it  is  motionless  for  some  time,  holding 
on  to  the  twig  with  its  front  legs,  while  the  two  hind  pair  are  detached  ;  in  this 
position  it  remains  for  some  time,  evacuating  the  contents  of  the  alimentary  canal 
until  finally  a  gelatinous,  transparent,  very  caustic  fluid,  looking  like  albumen, 
or  the  wliite  of  an  egg,  is  ejected  ;  this  is  a  preparation  for  the  long  catalepsy  that 
the  worm  is  about  to  fall  into.  It  now  feels  with  its  head  in  all  directions,  to 
discover  any  leaves  to  which  to  attach  the  fibres  that  are  to  give  form  to  the 
cocoon.  If  it  finds  the  place  suitable,  it  begins  to  wind  a  layer  of  silk  around  a 
twig,  then  a  fibre  is  attached  to  a  leaf  near  by,  and  by  many  times  doubling  this 
fibre  and  making  it  shorter  every  time,  the  leaf  is  made  to  approach  the  twig  at 
the  distance  necessary  to  build  the  cocoon  ;  two  or  three  leaves  are  disposed  like 
this  one,  and  then  fibres  are  spread  between  them  in  all  directions,  and  soon 
the  ovoid  form  of  the  cocoon  distinctly  appears.  This  seems  to  be  the  most 
difficult  feat  for  the  wonn  to  accomplish,  as  after  this  the  work  is  simply  me- 
chanical, the  cocoon  being  made  of  regular  layers  of  silk  united  by  a  gummy 
substance.  The  silk  is  distributed  in  zigzag  lines  of  about  one-eighth  of  an  inch 
long.  When  the  cocoon  is  made,  the*  worm  will  have  moved  his  head  to  and 
fro,  in  order  to  distribute  the  silk,  about  254,000  times. 

**  After  about  half  a  day's  work,  the  cocoon  is  so  far  completed  that  the  worm 
can  hardly  be  distinguished  through  the  fine  texture  of  the  wall ;  then  a  gummy 
resinous  substance,  sometimes  of  a  light^brown  color,  is  spread  all  over  the  inside 
of  the  cocoon.    The  larva  continues  to  work  for  four  or  five  days,  hardly  taking 


G-2-2  TEXT-BOOK  OF  ENTOMOLOGY 

a  few  minutes  of  rest,  and  finally  another  coaling  i«  apun  in  Che  interior,  wlien 
tlie  ci>coi)n  is  aii  liiiisiied  and  completely  air  tight.  The  fibre  diminishes  in 
tiiickiiesH  as  the  completion  of  the  cocoon  advances,  ao  ttiat  the  last  internal 
coating  Is  not  half  so  tliick  and  ao  strong  aa  the  outside  ones."  {Aiaer.  Natu- 
ralist, i,  p.  8tl.) 

The  mode  of  spinning  the  cocoon  of-  an  ichneumon  (Microgaater) 
parasitic  on  I'hilampelus  has  been  well  described  by  John  P.  Marshall, 
as  follows :  — 

Tlie  Hret  api)earaiLce  of  the  parasite  is  represented  iu  Fig.  672,  I.    A  warty 
e  appears  on  the  back  of  tlie  caterpillar,  which  slowly  emerges  until 

*      3    V    s    e     r     a    9    JO    n    ii  15 


wf.  ii.FulirgrO  vien  <irs.  — ARnMirshtU. 

it  is  seen  to  be  a  larva  enclrsed  in  a  delicate  transparent  membrane,  aa  repre- 
seiiled  in  i.  This  it  soon  succeeds  In  hurstiii);.  and,  rising  to  its  full  length, 
balances  Itself  a  motneiit  as  in  3.  then,  bending  double,  it  ejects  from  ita  nionlli 
a  glairy  tli|Uld,  which  Instantly  changes  to  silk,  and  fastens  the  posterior  end  to 
the  skin  of  the  caterpillar,  as  shown  In  4,  side  view.  It  now  begins  to  spin  its 
cocoon  by  attacliing  a  silken  tliread  tn  the  silky  mass  by  wliich  it  had  previously 
fastened  itself  to  the  caterpillar,  and  forming  a  series  of  loops  of  unifonn  size, 
first  from  right  to  left,  and  then  back  again  from  left  to  right,  as  represented  In 
the  fmnt  view,  5.  and  better  in  llie  enlarged  view.  5  ■■,  the  arrow  heads  show- 
ing the  direction  in  which  the  head  of  the  larva  moved  while  forming  the  loops. 
Tlie  ends  of  the  series,  nninhered  i,  z,  a,  4,  are  fastened  to  the  edges  of  the 
ventral  side  of  the  body,  which  thus  serves  as  a  measure  of  the  width  of  the 
cocoon,  and  also  acta  as  a  support  tor  the  trail  fabric  in  tlie  first  stages  of  spin- 
nltig.  After  the  larva  has  fastened  the  fabric  as  far  np  on  its  ventral  surface  as 
it  can,  conveniently,  it  then  begius  Vt  spin  free,  as  shown  in  the  side  view,  n. 
Khei-e  It  is  represented  as  just  completing  the  first  half  of  its  cocoon,  which 
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resembles  in  form  a  slipper.  This  accomplished,  the  larva  ceases  to  spin  for 
the  time  being,  bends  its  head,  as  in  7,  towards  its  ventral  surface,  and  pushes 
the  lialf  cocoon  free  from  its  body.  The  form  of  the  silken  fabric  enables  it  to 
stand  unsupported,  while  the  larva,  sliding  its  head  down  to  the  base,  holds  on 
firmly  until  it  swings  its  posterior  end  into  the  toe  of  the  slipper. 

Figure  572,  8.  shows  it  in  the  act  of  changing  end  for  end,  and  in  9  the  larva 
is  seen  erect,  beginning  at  the  base  to  complete  the  other  half  of  its  cocoon ; 
10  shows  the  larva  contracting  its  body  as  it  spins  upward  for  about  half  the 
length  of  the  cocoon,  when  it  again  changes  end  for  end,  as  shown  in  ii,  where 
it  is  beginning  at  the  upper  part  to  unite  the  two  sides,  finally  enclosing  itself 
as  represented  in  12. 

It  may  now  be  seen,  under  the  microscope,  through  the  meshes  of  its  cocoon 
actively  engaged  in  lining  the  interior  with  layers  of  very  fine  silk  ejected  from 
its  mouth  in  great  abundance.  One  half  of  the  cocoon  is  first  lined  by  a  forward 
and  back  movement  of  its  head,  and  then  reversing  its  position,  it  lines  the 
other  half  in  a  similar  manner. 

In  one  case  the  larva  was  disengaged  from  the  skin  of  the  caterpillar,  after 
beginning  its  cocoon.  It,  however,  began  again,  and  spun  a  portion  while  lying 
on  the  table.  This  was  removed,  when  it  began  a  third  time,  and  completed  its 
cocoon. 

In  about  10  days  the  insect  made  its  appearance  through  a  hole  in  the  upper 
end,  as  represented  in  13.  The  top  was  eaten  off  in  a  perfect  circle  and  hung  by 
a  few  threjvds,  so  as  to  resemble  a  litl  as  it  was  thrown  back. 

One  caterpillar  observed  had  between  300  and  400  cocoons  on  its  back  and 
sides,  and  another  was  dissected  after  more  than  30  larvaj  had  escaped,  and 
130  were  discovered  in  the  soft  integuments  of  the  back. 

The  figures  from  i  to  13  are  magnified  five  diameters,  but  in  order  to  observe 
the  spinning  of  the  cocoon  a  power  of  50  is  recjuired.  (Amer.  Naturalist,  xii, 
pp.  550,  5(J0.; 

Certain  differences  observed  by  W.  A.  Buckhout  in  a  Microgaster  parasitic  on 
the  different  species  of  Macrosila,  are  referred  to  in  the  same  volume,  p.  752. 

While   those   chalcidid    larvaB 
which   feed   internally   on    their  *      ' 

host,  as  a  rule,  transform  into 
nake<l,  more  or  less  coarctate 
pupie,  Howard  states  that  the 
larvae  of  Copidosoma,  Bothrio- 
thorax,  Homalotylus,  and  per- 
haps   others,    which    are    much 

,    ,       .^.  .      ^1     .     1       ^  Fi«.  578. —Body  of  larvo  of  Llthooolletis.  swollen 

crowded  WIthm   their  host,  cause     a,„i  flUed  with  cocoons  of  Copidos<.ina,  mlariire*!. 

a  marked  infiatirui  of  the  bodv  of 

the  latter  (Figs.  573,  574).  The  nature  of  this  cocoon-like  cell,  and  how  it  is 
produced,  is  unknown.  *'  Its  structure  shows  it  not  to  be  silk,  nor  yet  the 
last  lan'al  skin  of  the  parasite,  and  whether  it  is  an  adventitious  ti.ssue  of  the 
host-larva  or  a  secretion  of  the  parasite,  or  is  explicable  upon  other  grounds,  I 
cannot  say." 

The  silken  cocoon  of  an  aphidiid  ichneumon  has  been  found  by  Miss  Murt- 
feldt,  and  also  by  Dr.  Riley,  under  a  rose  aphid  in  which  it  had  lived,  and 
referred  by  Howard  to  the  genus  Praon  (Fig.  575). 

Sanitary  conditions  observed  by  the  honey-bee  larva,  and  admission  of 
air  within  the  cocoon.  —  Cheshire  has  observed  that  after  tlie  larva 
of  the  honey-bee  has  spun  its  cocoon  or  silken  lining  of  its  cell,  it 
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observes  the  following  means  of  preserving  cleanliness-     The  food 
given  to  the  larva,  especially  during  the  latter  part  of  the  growing 


period,  contains  much  pollen,  the  cases 
consist  of  cellulose,  which  is  indigestible. 


Il/lut  oAKuriH.  «aUreed. 

of  the   grains   of  wbid 


;tere,  collect  in  quantity  witbin  the  bowd, 
lO  opening.    The  imprisoned  larva,  biTiif 


H  the  body  of  ft  dead  Aphla,  enlirccd.  — Thlsud  Flfi.KtiiJ 


little  more  than  enough  room  for  turning,  i 
leaidna.  ...     In  ft  noni,  the  larva  turns  il 


lUst  be  tr«ed  of  theae  objectioniUt 
I  head  upon  lia  stomach,  and  pasta 


the  former  towards  the  base  of  the  cell  until  its  position  is  revetwd.  tte  »< 
being  outwards ;  and,  thus  placed,  it  laps  up  all  residue  of  food,  eqwciall;  fr<* 
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ita  old  clothes  previously  referred  to,  until  they  are  dried,  and  practically  occapy 
no  Bpace,  It  novr  throws  up  Ita  stoniach  and  bowel,  with  all  their  contents,  and 
without  detaching  them  from  its  out«r  skin,  which  is  moulted  aa  hefore,  but  in 
this  instance  to  be  pressed  against  the  cell,  so  as  to  form  for  it  an  interior  lining. 
The  dejectamenta  of  the  bowel  in  this  way  lie  between  the  cast  skin  and  cell- 
wall  (as  seeji  at  «,  Fig.  5T7),  and  so  the  larva  remains  absolutely  unaoiled.  It 
now  turns  its  head  and  resumes  its  old  position.  Joining  lie  cocoon  to  the  edges 
of  ita  last  cast  skin,  so  that  its  habitation  is  relined,  it  is  cleansed,  and  air  can 
Still  pass  to  it  through  the  imperceptible  openings  left  by  the  bees  in  the  sealing. 


tvi.Ki\.  -LarviBnil  pups  uf  hiiney-bee  In  t1i«lr  cell:  ££.  iiplnnlDKlirTm;  S,  pup4;  /"£.  young 

This  point  Is  of  radical  importance,  since  breathing  is  carried  on  pretty  rapidly 
during  the  latter  part  of  its  subsequent  transformations,  the  absorbed  oxygen 
permitting  then  of  a  production  of  heat,  and  causing  also  considerable  dimiiiu* 
tion  in  weight." 

As  to  the  passage  of  air  into  the  bee's  cocoon,  Cheshire  states 
that  before  the  coeoon  can  be  built,  a  cover,  technically  oalleil  seal- 
ing, ia  put  over  the  larva  by  ita  nurses.  These  covers  are  made  of 
pollen  and  wax,  and  are  pervious  to  the  air.  They  are  more  convex 
and  regular  in  form  than  those  sealing  in  the  honey.' 


THE  PUPA   STATE 

The  word  piyia  is  from  the  Latin  meaning  baby.  Linnaeus  gave 
it  this  name  from  its  resemblance  to  a  baby  which  has  been  swathed 
or  bound  up,  as  is  still  the  custom  in  Southern  Europe.  The  term 
pi(/fa  should  be  restricted  to  the  resting  inactive  stage  of  the 
holometabolous  insects. 

Lamarck's  term  ehtyeali*  was  applied  to  the  complete  or  obtected  pupa  of 
Lepidoptera  and  of  certain  Diptera,  and  mumia,  a  mummy,  to  the  pupie  of 
Coleoptera,  Trichoptera,  and  most  Hymenoptera.    Latrellle  (1830)  also  restricted 

1  Bees  and  Bee-keeping,  pp,  21,  22. 
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The  typical  pupa  ia  that  of  a  moth  ov  butterfly,  popularly  called  a 
chrysalis.  A  lepidopteroiis  pupa  in  which  the  appendages  arf  more 
or  less  folded   close  to  the    l)ody    and 

soldered  to  the  integument,  was  called  ^      _ 

by  Linnsus  a  pupa  obtecia;  and  when 
the  limbs  are  free,  as  in  NeiirojUera, 
Mecoptera,  Triclioptera,  and  the  lepi- 
dopteroiis genus  Mici'opteryx  it  is  called 
a  p>i}>a  libera  (Fig.  579).  When  the 
pupa  is  enclosed  in  the  old  larval  skin, 
which  forms  a  pupal  covering  (pupa- 
riniu),  the  jnipa  was  said  by  T>inn»;iis 
to  be  amMate.  The  pupa  of  certain 
I>i])tera,  as  tliat  of  the  orthoraphous 
families,  is  nearly  as  much  obtected  as  fm. «;■*.— Pnp«obirru:  «.■>(*- 
that  of  the  tineoid  families  of  moths,  h.oiTaHruraceiHUr^^a. 
esjiecially  as   regai-ds  the   ap)>eiidage3 

of  the  head;    the  legs  being  more  as  in  pupae,  libera-  (Fig.  5S"i. 

The  male  Ooccid  anticipates  the  metabolous  insects  in   pas-sini! 

„  through   a   iiuiescent    stat«,   when,    as    Westwoud 

states,  it  is  "covered  by  the  skin  of  the  larva,  i>t 

by  an  atlditional  ])ellicle."     The  body  apjiear^  lo 

be  broad  and  flat,  the  antennfe  and  fore  legs  n'sting 

under  the  head,  while  the  two  binder  pairs  of  lep? 

are    appressed   to   the   under   side  of   the   ImhIt. 

There  is  but  a  slight  approaih  ii> 

e  the  pupa  libera  of    a  uietabolom 

iil'8e<:t. 

Riley  states  that  the  male  luti  '^ 

Icfrya  purchnti  tntrnn  acooimn  wiiriti 

character,  but  Ughter,  more  flosxy.  ud 

less  adlii^sive  than  that  of  the  Umik 

e)ig-cnc<K>».     It  melts  aod   diiiappnn 

wlien  hcateii,  proving  its  entirely  ""T 

nature.     When  the  maw  hu  nurM 

the  proper  length,  the  larva  ranij.  ;t» 

IQ.     skin,  which  remains  in  the  hinil  rni '' 

b/m;  6,'»iilli;  r,     the  cocoon,  and  pushex  itself  forwirJ 

into  the  middle  of  the  cwinm.    TV 

pupa  (Fig,  681)  is  iif  the  same  (.fifTi- 

iize  as  the  larva.      All  the  limbs  are  free  and  slightly  movable.  *'  ;h>' 

n  position,  though  ordinarily  ilie  antenna  are  preB)4ed  close  to  thi-  J*. 


—  Pn]K  llbrm  of  D 
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as  are  the  wing-pada ;  the  front  pair  of  legs  are  extended  fomard. 
turbed,  Ihey  twist  and  bend  their  bodies  quite  vifiorctusly."    Tlie  pupaet 
two  or  three  weelta,      A  similar  pupa  m  that  of  Ictnjit 
roKir,     (Kiley  and  Howard.) 

The  metainorphosis  of  Atpidiotiis  pfi-niciotua  is  of 
interest.    The  male  nymph  differs  much  aft«r  the  first 


u»  oti  rryi  pt 


inouU  from  Uie  female,  ha  ing  large  purple  eyes  irh  le  the  female  nyinph 
loses  its  eyes  entirely.  It  passes  i  to  vha  Kiley  tern  h  tl  e  ;  o-pupa  ( Kig.  682, 
fl),  in  which  the  wing-pa  are  prese  vhile  the  I  mbs  are  short  and  thick. 
The  next  stage  is  the  "tn  pui>a  (F  g  j<J2  d)  In  wl  i  h 
legs  are  much  longer  than  before.      There  is  no  waxy  cocoon,  but  only  a 


Fib.  net.  —  AtpMlotH*  prrnlfiotvi.  •lrTe1<ipment  of  mt\r  \nwel. :  . 
nrMl"vlfw'«.  'ah  KTHUly  "nliwifwr'-.Vner'Ktlt'y"  '"""'  "'"'''''"' 


or  scale  composed  ot  the  slied  larral  shin,  i.e.  "  with  the  first  moult  the  shed 
larval  skin  is  retained  beneath  tlie  scale,  as  in  the  case  of  the  female  ;  with  the 
later  moullings  the  shed  skins  are  pushed  out  from  beneath  the  scale,"  and  when 
they   (ransfonn  Into  the  imago  they    "back  out  from  the  rear  end   of   their 
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The  pupae  of  Coleoptera  and  of  Hyinenoptera,  though  there  is, 
apparently,  no  near  relationship  between  these  two  orders,  are  much 
alike  in  shape,  and,  as  Chapman  pertinently  suggests,  those  of  both 
orders  are  helpless  from  their  quiescence,  and  hence  have  resorted 
for  protection  to  some  cocoon  or  cell. 

But  it  is  quite  otherwise  with  the  pupae  of  Lepidoptera  and  Dip- 
tera,  which  vary  so  much  in  adaptation  to  their  surroundings,  and 
hence  afford  important  taxonomical  and  phylogenetic  characters. 
This,  as  regards  the  Lepidoptera,  was  almost  wholly  overlooked 
until  Chapman  called  attention  to  the  subject,  and  showed  that  the 
pupae  had  characters  of  their  own,  of  the  greatest  service  in  working 
out  the  classification,  and  hence  the  phylogeny,  of  the  different  lepi- 
dopterous  groups.  We  have,  following  the  lead  of  Chapman,  found 
the  most  striking  confirmation  of  his  views,  and  applied  our  present 
knowledge  of  pupal  structures  to  dividing  the  haustellate  Lepidop- 
tera into  two  groups,  —  Paleolepidoptera  and  Xeolepidoptera. 

The  pupae  of  the  Neuroptera,  Coleoptera,  and  Hymenoptera  differ 
structurally  from  the  imago,  in  the  parts  of  the  head  and  thorax 
being  less  differentiated.  Thus  in  the  head  the  limits  or  sutures 
between  the  epicranium  and  clypeus,  and  the  occiput  and  gula,  are 
obscurely  marked,  while  the  tergal  and  pleural  sclerites  of  the 
imago  are  not  w^ell  differentiated  until  the  changes  occurring  jiist 
before  the  final  ecdysis. 

It  is  easy,  however,  to  homologize  the  appendages  of  the  pujia? 
with  those  of  the  imago  of  all  the  holometabolous  orders  except  in 
the  case  of  the  obtected  pupa  of  the  Lepidoptera  (and  probably  of 
the  obtected  dipterous  pupae),  where  the  cephalic  appendages  are 
soldered  together. 

That  the  appendages  of  the  lepidopterous  pupa  are,  as  generally 
supposed,  merely  cases  for  those  of  the  imago  has  been  shown  by 
Poulton  to  be  quite  erroneous.  He  says :  "  If  we  examine  a  section 
of  a  pupal  antenna  or  leg  (in  Lepidoptera),  we  shall  find  that  thei* 
is  no  trace  of  the  corresponding  imaginal  organ  until  shortly  before 
the  emergence  of  the  imago.  In  the  numerous  species  with  a  loni: 
pupal  period,  the  formation  of  imaginal  appendages  within  those  of 
the  pupa  is  deferred  until  very  late,  and  then  takes  place  rapidly  in 
the  lapse  of  a  few  weeks.  This  also  strengthens  the  conclusion  that 
such  pupal  appendages  are  not  mere  cases  for  the  parts  of  the  imagn, 
inasmuch  as  these  latter  are  only  contained  within  them  for  a  veir 
small  proportion  of  the  whole  pupal  period."  On  the  other  hand, 
Miall  and  Hammond  claim  that  there  is  a  strong  superficial  contrast 
as  to  the  formation  of  the  imaginal  organs,  between  Lepidopteii 
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and  tipularian  Diptera,  the  appendages,  wings,  and  compound  eyes 
being  substantially  tbose  of  the  imago.  "  With  the  exception  of  the 
protlioracic  respiratory  appendages  and  the  tail-fin,  there  is  little  in 
the  pupa  of  Chironomus  which  does  not  relate  to  the  next  stage." 

The  exact  homology  of  the  "glazed  eye"  of  the  lepidopterous 
pujjEB  and  of  the  parts  under  the  head,  situated  over  the  maxilla;,  is 
ditiicult  to  decide  upon,  and  these  [loints  need  farther  examination. 
In  the  dipterous  pupa  it  is  interesting  to  observe  that  the  halteres 
are  large  and  broad,  which  plainly  indicates  that  they  are  modified 


Fin.  Ji^.  —  Klmutism  plu-irldlam ;  o,  l«rv»;  4,  e.  rf,  nupn;  i.  thoracic  If g ; /,  ruw  of  bri«U« 
■tendiif  Iwdy.    A,  S.  jiteuaium,  nupt;  u,  ft.  c.  irtiiiliiLcuf., -After  Klley. 

hind  wings.  The  number  and  arrangement  of  the  spiracles  is  differ- 
ent in  pupie  from  those  of  the  larva  and  imago. 

Tliere  are  also  secondary  adaptive  structures  peculiar  to  the  pupa, 
which  are  present  and  only  of  use  in  this  stage.  These  are  the 
thoracic,  spiracular,  or  breathing  appendages  of  the  aquatic  Diptera 
(Fig.  583),  the  various  spines  situated  on  the  head  or  thorax,  or  on 
the  sides,  or  more  often  at  the  end  of  the  abdomen,  besides  also  the 
little  spines  arranged  in  more  or  less  circular  rows  around  the  abdom- 
inal segments,  the  cocoon-breaker,  and  the  cremaster  of  many  pupw. 

In  the  pupa  of  certain  Diptera,  there  is  a  terminal  c  rem  aster-like 
Bpine.  as  in  that  of  Tiptda  elala  (Fig.  584),  Tabaiiun  Uneola  (Fig.  585), 
besides  adminicula  or  locomotive  spines  like  those  of  lepidopterous 
pupEe  (Fig.  580,  a,  b,  c). 
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The  pupEB  of  Coleoptera  are  variously  spined  or  hairy  (Fig.  5)W1. 
Tliose  of  Hydrophilua  and  of  Hydrobius  are  provided  with  stout 
spines  on  the  prothorax  and  abdomen  which  support  the  body  in  its 
,  cells,  so  that,  as  Lyonet  first  showed, 
though   surrounded  on  all   sides  by    ^' 
moist  earth,  it  is  kept  from  contact 
with  it  by  the  pupal  spines ;  other 
pup»  of  beetles,  such  as  that  of  the 
plum   weevil,  which  is  also  subter- 
ranean, {Kissess  similar  spines.     The 
abdomen  of  many  coleopterous  pupa;, 
such  as  those  of  Carabidit,  end  in  two 
spines,  to  aid  them  in  escaping  from 
their  cells  in  wood  or  in  the  earth ; 
othei-s  have  stiff  bristles,  and  others 
spines  along  each  side  of  the  alxlomen 
(Fig.  58C).     All  these  structures  are 
the  result  of  a  certain  amount  of 
activity   in   what   we   call  quiescent 
pupEe,    but    most   of    these   are    for 
use  at  the  end  of  pupal  life,  at  the 
v<i:.  SM.  -I'Hi.i  critical  moment  when  by  their  aid  the 
"     ''"  "  ""'■        iusect  escapes  from  its  cocoon  or  sub-  of  r«'~iiM«''>"-!' 
terranean  cell,  or  if  parasitic,  bores  out  of  its  host,  tnrr  li^,     * 

If  we  are  to  account  for  the  causes  of  their  origin, 
we  are  obliged  to  infer  that  they  are  temporary  deciduous  structures 
due  to  the  need  of  support  while  the  body  is  subjected  to  unufual 
strains  and  stresses  in  working  its  way  out  of  its  prison  in  the  eaitb. 


yio.  !M.  —  Pupil  of  OxfirWi  lf<ynl>i.  ■ml  o 

or  its  cell  within  the  stems  and  trunks  of  plants  and  similar  siiui- 
tions.  They  are  pupal  inheritances  or  heirlooms,  and  well  illustnii'' 
the    inheritance  of   characters    acquired  during  a  certain   tieiiiiil''- 
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usually  brief,  period  of  life,  and  transmitted  by  the  action  of  syn- 
chronous heredity. 

The  pupae  of  certain  insects  are  quite  active,  thus  that  of  Ra- 
phidia,  unlike  that  of  Sialis,  before  its  final  ecdysis  regains  its 
activity  and  is  able  to  run  about.     (Sharp,  p.  448.) 


a.  The  papa  considered  in  reference  to  its  adaptation  to  its 
surroundings  and  its  relation  to  phylogeny 

The  form  of  the  pupa  is  a  very  variable  one,  as  even  in  Lepidoptera 
it  is  not  entirely  easy  to  draw  the  line  between  a  pupa  libera  and  a 
pupa  obtecta  (Fig.  578) ;  and  though  the  period  is  one  of  inactivity,  yet 
when  they  are  not  in  cocoons  or  in  the  earth  in  subterranean  cells, 
their  form  is  more  or  less  variable  and  adapted  to  changes  in  their 
surroundings.  Even  in  the  obtected  pupa  of  butterflies,  there  is, 
as  ever}'  one  knows,  considerable  variability  of  shape  and  of  arma- 
ture, which  seems  to  be  in  direct  adaptability  to  the  nature  of  their 
environment.  Scudder  has  well  shown  that  in  certain  chrysalids, 
such  as  those  of  the  Nymphalidae,  which  are  variously  tuberculated, 
and  hang  suspended  by  the  tail,  and  often  hibernate,  these  projec- 
tions serve  to  protect  the  body.  All  chrysalids  with  projections  or 
ridges  on  different  parts  of  the  body,  being  otherwise  unprotected, 
move  freely  when  struck  by  gusts  of  wind,  hence  "  the  greater  the 
danger  to  the  chrysalis  from  surrounding  objects,  the  greater  its 
protection  by  horny  tubercles  and  roughened  callous  ridges."  The 
greater  the  protection  possessed  in  other  ways,  as  by  firm  swathing 
or  a  safe  retreat,  the  smoother  the  surface  of  the  body  and  the  more 
regular  and  rounded  its  contours.  The  tendency  to  protection  by 
tubercles  is  especially  noticeable  in  certain  South  American  chrysa- 
lids of  nymphalid  butterflies.  This  response  to  the  stimuli  of  blows 
or  shocks  is  also  accompanied  by  a  sensitiveness  to  the  stimulus  of 
too  strong  light. 

Previously  Scudder  ^  had  made  the  important  suggestion  that  the 
smooth  crescent-shaped  belt  of  the  "  glazed  eye  "  or  "  eyepiece  "  of 
chrysalids  is,  as  an  external  covering  of  the  eye,  midway  between 
that  of  the  caterpillar  and  the  perfect  insect,  and  he  asks :  "May  it 
not  be  a  relic  of  the  past,  the  external  organ  of  what  once  was  ? 

• 

1  Butterflies,  their  structure,  changes,  and  life-histories.  New  York,  1881,  pp.  37-42. 
Butterflies  of  the  Eastern  United  States  and  Canada,  1888, 1889.  Also,  Frail  children 
of  the  air,  1895,  pp.  232,  233  a.  Dr.  Chapman,  however,  flnds  that  this  piece  in 
micropupffi  has  no  connection  whatever  with  the  head  or  eye,  hut  belongs  rather 
with  the  prothoracic  segment.  (Trans.  Ent.  Soc.  Londofi,  1893,  p.  102.)*  We  have  been 
able  to  confirm  his  statements,  but  still  this  piece  is  peculiar  to  the  pupal  state. 
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And  are  we  to  look  upon  this  as  our  hint  that  the  archaic  butterfly 
in  its  transformations  passed  through  an  active  pupal  stage,  like  the 
lowest  insect  of  to-day,  when  its  limbs  were  unsheathed,  its  appetite 
unabated  ?  "  etc.  Scudder  also  shows  that  "  the  expanded  base  of 
the  sheath  covering  the  tongue  affords  protection  also  to  the  palpi 
which  lie  beneath  and  beside  the  tongue." 

All  this  tends  to  show  the  importance  of  studying  the  structure 
of  the  pupa,  in  order  to  ascertain  how  the  pupal  structures  have 
been  brought  about,  with  the  final  object  of  discovering  whether  the 
pupae  of  the  holoraetabolic  insects  are  not  descended  from  active 
nymphs,  and  if  so,  the  probable  course  of  the  line  of  descent. 


•UlJI 


&.  Mode  of  escape  of  the  pupa  from  its  cocoon 

"  In  all  protected  pupae,"  as  Chapman  says,  "  the  problem  has  to 
be  f&x;ed,  how  is  the  imago  to  free  itself  from  the  cocoon  or  other 

envelope  protecting  the 
pupa."  In  the  Coleopt^ra 
and  Hymenoptera  the  imago 
becomes  perfected  within  the 
cocoon  or  cell,  as  the  ease 
may  be,  and  as  Chapman 
states,  "not  only  throws  off 
the  pupal  skin  within  the 
cocoon,  but  remains  there  till 
its  appendages  have  l)ecome 
fully  expanded  and  com- 
pletely hardened,  and  then 
the  mandibles  are  used  to 
force  an  outlet  of  escajie," 
and  he  calls  attention  to  the 
fact  that  "in  manv  c*aseN 
even  in  some  entire  families, 
they  are  of  no  use  whatever 
to  the  imago  excej)t  in  thi* 
one  particular,"  and  he  cites 
the  Cynipidae  as  |>erhaps  the 
most  striking  instance  of  thi> 
circumstance. 

In  those  Neuroptera  whiih 

Fio.    687.  — Pupa   of    Micropienix  purpurielUt,     Spin  a  silkcu  COCOOn,  e.g.  the 
front  view:  tnd,  niandibloK;  mx.  p,  maxillary  palpiis,      tt^      ^      w  i  a.v         ^r  :  Iv^tw 

end  drawn  fleparately ;  mar."  />,  labial  palpi ;  lb.  labruin.     rlemerODiase,     tne      1  ncnop- 
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tera,  and  in  Jticropteryx  (Fig.  688),  the  jaws  used  by  the  pupa  for 
cutting  its  way  out  of  the  cocoon  are  even  larger  in  proportion  than 
in  the  pupa  of  caddis-flies  (Fig.  588),  being  of  extraordinary  size. 

In  Myrmeleon  the  pupa 
pushes  its  way  half  out  of 
the    cocoon,   and    then    re- 


mains, while  the  imago  ruptures  the  skin  and  escapes  (Fig.  689,  a). 

Thus  in  the  Xeuroptera  and  Trichoptera  we  have  already  estab- 
lished the  more  fundamental  methods  of  escape  from  the  cocoon, 
which  we  see  carried  out  in  various  ways  in  the  more  generalized 
or  primitive  Lepidopt«ra. 

The  most  primitive  method  in  the  Lepidoptera  of  escaping  from 
the  cocoon  seems  to  be  that  of  Micropteryx. 

"In  this  genua,"  Bflys  Chapman,  "though  it  is  nominally  the  pupa  that 
escapes  from  thu  cuooon,  It  is  in  reality  still  the  im^o,  the  Imago  clothed  in  the 
efiete  pupal  skin.     To  rupture  the  cocoon  it  uses  not  ilH  own  jaws,  but  those  of 


1 

w 


>t  Myrra 


the  pupal  skin,  energizing  them,  however,  in  some  totally  different  way  from 
ordinary  direct  muscular  action,  their  movements  being  the  result  of  the  ver- 
micular movements  of  the  pupa,  acting  probably  by  fluid  pressure  on  the  articular 
structure  of  the  jaws,  by  some  arrangement  not  altogether  different  perhaps 
from  the  frontal  sac  of  the  ht);lier  Diptera.  In  the  MicropteryKes  the  jaws  of 
the  pupa  not  only  rupture  the  cncoon,  but  appear  to  be  the  most  active  agents 
in  dragging  the  pupa  through  the  opening  in  the  cocoon  and  through  any  super- 
incumbent earth,  being  merely  assisted  by  the  vermicular  action  of  the  abdomi- 
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a 


nul  segments,  and  we  find  in  accordance  with  this  circumstance  that  the  pupal 
envelope  is  still  very  thin  and  delicate,  and  has  little  or  no  hardening  or  rough- 
ness by  which  to  obtain  a  leverage  against  the  walls  of  the  channel  of  escape.^* 
(Trans.  Ent.  Soc.  London,  1896,  pp.  670,  671.) 

Some  sort  of  a  beak  or  hard  process,  more  or  less  developed, 
according  to  Chapman,  adapted  for  breaking  open  the  cocoon  exists 
in  nearly  all  the  Lepidoptera  with  incomplete  pupae  (jjupce  hiconi'' 
plet(E)j  except  the  limacodid  and  nepticulid  section.  "In  all  these 
instances  the  pupa  emerges  from  the  cocoon  precisely  as  in  the 
Micropteryges,  that  is,  the  moth  it  really  is  that  emerges,  but  does 
so  encased  in  the  pupal  skin.  To  achieve  this  object,  it  seems  to 
have  been  found  most  efficient  to  have  three,  four,  or  five  abdominal 

segments  capable  of  movement,  but  to  have  the  ter- 
minal sections  (segments)  soldered  together." 

This  cocoon-breaker,  as  we  may  call  it,  is  especiallj 
developed  in  Lithocolletis  lianmdrycideUa,  As  de- 
scribed by  Comstock,  it  forms  a  toothed  crest  on  the 
forehead  which  enables  it  to  pierce  or  saw  through 
the  cocoon. 

^*  Each  pupa  first  sawed  through  the  cocoon  near  its  junc- 
ture with  the  leaf  and  worked  its  way  through  the  gap,  by 
means  of  the  minute  backward-directed  spines  upon  its  back, 
until  it  reached  the  upper  cuticle  of  the  leaf.  Through  this 
cuticle  it  sawed  in  the  same  way  that  it  did  through  the 
cocoon.  The  hole  was  in  each  case  just  large  enough  to  per- 
mit the  chrysalis  to  work  its  way  out,  holding  it  firmly  when 
partly  emerged.  When  half-way  out  it  stopped,  and  presently 
the  skin  split  across  the  back  of  the  neck  and  down  in  front 
along  the  antennal  sheaths,  and  allowed  the  moth  to 
emerge."  1 

We  have  observed  and  figured  the  cocoon-breaker 
in  Buceulatrix,  Talaeporia  (Fig.  590,  a),  Thyridoiv 
teryx,  and  (Ecetieus,  and  rough  knobs  or  slight  pro- 
of Ta\R-iH?riii7rr"co!  j^ctiou  answering  the  purpose  in  Hepialida?,  Megalo> 
vS^ai'^^^^^^^^  Pyg^j  Zeuzera,  and  in  Datana.»     See  also  the  spine 

and^th^crimltlr-    ^n  the  licad  of  Sesia  tipuUformis  (Fig.  578). 

The  imago  of  the  attacine  moths  cuts  or  saws 
through  its  cocoon  by  means  of  a  pair  of  large,  stout,  black  spines 
(sectores  coconis),  one  on  each  side  of  the  thorax  at  the  base  of  the 
fore  wings  (Fig.  591),  and  provided  with  five  or  six  teeth  on  the  cut- 
ting edge  (C,  Z>). 

1  Rep.  Ent.  U.  S.  Dept.  Agr.,  1879,  pp.  228,  229,  PI.  IV.  Fig.  4. 

3  Monograph  of  bombycine  moths,  Pt.  I,  1897.    Figs.  24,  28,  29,  33,  34,  40,  77. 


THE   COCOON-BREAKER 


Our  attention '  was  drawn  to  this  subject  by  a  rustling,  cutting,  and  tearing 
noise  issuing  from  a  cocoon  of  Actiaa  laaa.  On  examination  a  sharp  black  point 
was  seen  moving  to  and  fro,  and  ttien  atiollier,  until  both  points  had  cut  a  rough 
irregular  slit,  through  which  tlie  shoulder  of  the  moth  could  be  seen  vigorously 
moving  from  side  to  side.  The  hole  or  slit  was  made  in  one  or  two  minutes,  and 
the  moth  worked  its  way  at  once  out  of  the  slit.  The  cocoon  was  perfectly  dry. 
The  cocoon-cutter  occurs  in  all  the  American  genera,  in  Samia  q/iithia,  and  Is 
large  and  well  marked  in  the  European  tjatitrnia  pavonia-minor  and  EndromU 
vee»icolora.  In  Bomhyx  tmiri  the  spineB  are  not  well  marked,  aud  tliey  are 
quite  different  from  those  in  the  Attaci.  There  are  three  sharp  points,  being 
acute  angles  of  the  pieces  at  the  base  of  the  wing,  and  it  must  be  these  spines 
which  at  times  perform  the  cutting  through  of  the  threads  of  the  coconti  described 
by  It^aumur,  and  which  he  thought  was  done  by  the  facets  of  the  eyes.     It  ia 
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well  known  that  In  order  to  guard  ogainut  the  moths  cutting  the  threads,  allk- 
raLsers  expose  the  cocoon  to  heat  sufficient  to  destroy  the  enclosed  pupa.  In 
rioljsaniia  the  cocoon -cutters,  though  well  developed,  do  not  appear  to  be  used 
at  all,  and  the  pupa,  like  that  of  the  silkworm  and  other  moths  protected  by  a 
cocoon,  inoti<tenfi  the  silk  threads  bya  fluid  issnine  from  the  mouth,  which  also 
moistens  the  hairs  of  the  hea<l  and  thorax,  together  witli  the  antennre.  It 
remains  to  be  seen  whetlier  these  structures  are  only  occasionally  used,  and 
whether  the  emission  of  the  fluid  is  not  the  usual  aiid  normal  means  of  egrest 
of  the  moth  from  its  cocoon.  Dr.  Chapman  remarks  that  throughout  Iheobtected 
moths  "there  are  many  devices  tor  breaking  through  the  cocoon  :  specially  con- 
structed weak  places  in  the  cocoon,  softening  fluid,  applied  by  the  moth,  assisted 
by  special  appliances  of  diverse  sorts,  such  as  in  Hybocampa'and  Attacus,"  etc. 
As  to  the  fluid  mentioned  above,  Trouvelot  states  that  it  is  secreted  during 
the  last  few  days  of  the  pupa  state,  and  is  a  dissolvent  for  the  gum  bo  firmly 


■  Amer.  Naturalist,  xil.  pp.  ^tTtKUS. 

^  Hybtycampa  tnllhatimiii.  Dr.  Chapman  tells  m 
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uniting  the  fibres  of  the  cocoon.  *'This  liquid  is  composed  in  great  part  of 
bombycic  acid."     (Amer.  Naturalist,  i,  p.  33.) 

The  pupa  of  the  dipterous  genus  Sciara  {S.  ocellaris  O.  S.)  resembles  a  tineid 
pupa,  and  before  transfonning  emerges  for  about  two-thirds  of  its  length  from 
the  cocoon  ;  the  pupa-skin  remaining  firmly  attached  in  this  position.^ 

Certain  hyraenopterous  pupse  are  provided  with  temporary  deciduous  conical 
processes.  Thus  we  have  observed  in  the  pupa  of  Bhopalum  pedicellatHm  two 
very  prominent  acute  tubercles  between  the  eyes  (h,  Fig.  692).  As  the  cocoon 
is  very  slight,  these  may  be  of  use  either  in  extracting  itself  from  the  silken 
threads  or  in  pushing  its  way  along  before  emerging  from  the  tunnel  in  the  stem 
of  plants.     (See  also  p.  611.) 


c.  The  cremaBter 

Although  this  structure  is  in  general  confined  to  lepidopterous 
pupae,  and  is  not  always  present  even  in  them,  since  it  is  purely 
adaptive  in  its  nature,  yet  on  account  of  its  singular  mode  of  devel- 
opment from  the  larval  organs,  and  the  accompanying  changes  in  the 
pupal  abdomen,  it  should  be  mentioned  in  this  connection.  The 
cremaster  is  the  stout,  triangular,  flattened,  terminal  spine  of  tbe 
abdomen,  which  aids  the  pupa  in  working  its  way  out  of  the  earth 
when  the  pupa  is  subterranean,  or  in  the  pupa  of  silk-spinning  cater- 
pillars its  armature  of  secondary  hooks  and  curved  setae  enables  it 
to  retain  its  hold  on  the  threads  of  the  interior  of  its  cocoon  aft«r 
the  pupa  has  partially  emerged  from  the  cocoon,  restraining  it  as 
Chapman  well  says,  "at  precisely  that  degree  of  emergeoee  from 
the  cocoon  that  is  most  desirable."  He  also  informs  us  that  while 
in  the  "  pupm  incompletes  the  cremaster  is  attached  to  an  extensible 
cable,  which  always  allow^s  some  emergence  of  the  pupa,  in  the 
pupae  obtectae  there  is  no  doubt  but  that  in  such  cases  as  the  leb- 
thyurae,  Acronyctae,  and  many  others,  it  retains  the  pupal  case  in 
the  same  position  within  the  cocoon  that  the  living  pupa  occupied: 
this  is  also  very  usually  the  case  in  the  Geometrae  and  in  the  higher 
tineids  (my  pyraloids)." 

In  many  of  the  more  generalized  moths  there  is  no  cremaster  (Microptem. 
Gra<;ilaria,  Ih-odoxus,  Tantura,  Talaeporia,  Psychidie,  Hepialidse,  Zeozera,  Noli. 
Harrisina),  though  in  Tischeria  and  Talteporia  (Fig.  590,  but  not  in  Soleiiote 
and  Psychidse,  two  stout  terminal  spines  perform  the  office  of  a  cremaster,  <^ 
there  are  simply  curved  setae  on  the  rounded,  unarmed  end  of  the  abdotnen. » 
in  Solenobia. 

In  the  obtected  Lepidoptera,  for  example  in  such  a  group  as  the  Notodonudx. 
wliere  the  cremaster  is  present,  though  variable  in  shape,  it  may  from  dissv* 
owing  to  the  dense  cocoon,  be  without  the  spines  and  hooks  in  Cerunu  <f 
the  cremaster  itself  is  entirely  wanting  in  Gluphisia,  and  only  partially  devcl- 

1  Riley's  Report  for  1892.  p.  203. 
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oped  in  Notodonta.  In  the  butterflies  whose  pupaB  are  suspended  (Suspensi), 
the  cremaster  is  especially  well  developed.  Reference  might  here  be  made  to 
the  temporary  pupal  structures  in  certain  generalized  moths,  which  take  the 
place  of  a  cremaster,  such  as  the  transverse  terminal  row  of  spines  in  Tinea, 
the  two  stout  spines  in  Tischeria,  and  the  dense  rough  integument  and  thickened 
callosities  of  the  pupal  head  and  end  of  abdomen  of  Phassus,  which  bores  in 
trees  with  very  hard  wood;  also  the  numerous  stout  spines  at  the  end  and 
sides  of  the  abdomen  in  JEgerians.  These  various  projections  and  spines,  be- 
sides acting  as  anchors  and  grappling  hooks,  in  some  cases  serve  to  resist  strains 
and  blows,  and  have  undoubtedly,  like  the  armature  in  the  larvae  and  imagines 
of  other  insects,  arisen  in  response  to  intermittent  or  occasional  pressure, 
stresses,  and  impacts. 

Mode  of  formation  of  the  cremaster  and  suspension  of  the  chrysalis  in 
butterflies.  —  We  are  indebted  to  Riley  ^  for  an  explanation  of  the 
way  the  cremaster  has  originated,  his  observations  having  been 
made  on  species  of  over  a  dozen  genera  of  butterflies  (Suspensi). 

He  shows  that  the  cremaster  is  the  homologue  of  the  suranal 
plate  of  the  larva.*  The  preliminary  acts  of  the  larva  have  been 
observed  by  various  authors  since  the  days  of  Vallisneri,  I'.e.  the 
larva  hanging  by  the  end  of  the  abdomen,  turning  up  the  anterior 
part  of  the  body  in  a  more  or  less  complete  curve,  and  the  skin 
finally  splitting  from  the  head  to  the  front  edge  of  the  metathoracic 
segment,  and  being  worked  back  in  a  shrivelled  mass  toward  the 
point  of  attachment.  The  critical  feat,  adds  liiley,  which  has  most 
puzzled  naturalists,  is  the  independent  attachment  of  the  chrysalis 
and  the  withdrawal  from  and  riddance  of  the  larval  skin  which  such 
attachment  implies.  Reaumur  explained  this  in  1734  by  the  clutch- 
ing of  the  larval  skin  between  sutures  of  the  terminal  segments  of 
the  chrysalis,  and  this  is  the  case,  though  the  sutures  act  in  a  some- 
what different  way. 

Before  pupation  the  larva  spins  a  mass  or  heap  of  silk,  the  shape  of  which  is 
like  an  inverted  settee  or  a  ship^s  knee,  and  *^one  of  the  most  interesting  acts  of 
the  larva,  preliminary  to  suspension,  is  tlie  bending  and  working  of  the  anal 
parts  in  order  to  fasten  the  back  of  the  (suranal)  plate  to  the  inside  of  the  back 
of  the  settee,  while  the  crotchets  of  the  legs  are  entangled  in  the  more  flattened 
position  or  seat." 

In  shedding  the  larval  skin,  the  following  paits  are  also  shed,  and  have  some 
part  to  play  in  the  act  of  suspension:  i.e.  1st,  the  tracheal  ligaments  (Fig.  593, 
il),  or  the  shed  tracheae  from  the  last  or  9th  pair  of  spiracles ;  2d,  the  rectal 
ligament  (Fig.  593,  W),  or  shed  intestinal  canal ;  3d,  the  Osborne  or  retaining 

1  Philosophy  of  the  pupation  of  butterflies,  and  particularly  of  Nymphalidse,  by 
Charles  V.  Riley.  (Proc.  Amer.  Assoc.  Adv.  Science,  xxviii,  Saratoga  Meeting, 
August,  1880,  pp.  455-463.) 

2  The  homology  of  the  suranal  plate  of  the  larva  with  the  cremaster  of  the  pupa, 
established  by  Riley  in  1880,  is  also  affirmed  by  Jackson  (1888)  and  by  Poulton,  and 
for  some  years  we  have  been  satisfied  that  this  is  the  correct  view;  Professor 
Hatchett-Jackson  discovered  it,  he  states,  in  1876. 
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membrane  (memhrana  rtfiaent.  Fig,  5113,  Nir),  wliicli  is  the  stretched  part  of 
the  membrane  around  the  rectum  and  in  the  aual  legs,  and  which  is  intimately 
associated  nith  the  rectal  ligament. 

The  structures  in  the  chrysalis  are,  first,  the  cremaster,  with  its  dorsal  (Fig. 
6M,  dcr)  and  ventral  (vcr)  ridges,  and  the  cremastral  liook-pad  (chp),  said  by 


Biley  to  be  "thickly  studded  with  minute  but  stout  liooks,  which  ai 
compomul  or  furnished  with  barbs,  very  much  as  are  some  of  our  fishing-booka, 
re   most  admirably  adapted   to   tlie  purpose  for  which  they   are 


rmin  .hrunkiri  t»vnl  Am :  e,  rremuur;  Mp. 

MlbMn/nr  >^ii<':<"  a^l^i'iv""  ^•i<">-«^^^ 

rren.».tn1  houh-pixl :  A.  one  <^  thr  hwks.  in£r 

dnrwl  WMnsatrsl  rW(w ;  Ir.  Isrral  nttnm ;  pr. 

pr«.««  ™  »  lo  .h..w  xti  h«..oU«l.>  uf  <h-« 

],upa[  r»lum:  rp.  rOQtBl  thu:   «-,  .ii>il.i.la. 

[wU  In  the  rbrymUt  which  in  ruiic«rn«d  In 

hg  h-ltors  in  FlB.  !*»,  »i«Trt  thm  r  llli«  r«luiii) 

I»l  fli.lmcU'-W»rti.([  Joint  snil  thf  litb  i»lnt 

btInK  nninbered. 

Secondly,  there  are  the  other  structures,  tiz.,  the  sustainers  (_$u*teHtort), 
two  preijecCions  which  Kiley  slates  "  homoli^lze  with  the  soles  (plantit)  ot  the 
ana!  prolegs,  which  take  on  various  forms  (.3),  but  are  always  directed  forward 
so  as  easily  to  calch  liold  of  the  retaining  membrane."    These  s 
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bowever,  as  Jackson'  has  ahowQ,  and  as  we  are  satiBfied,  the  veetiges  of  the 
anal  legs. 

Thirdly,  the  sustentor  rid^s,   which,  as  Riley  etaies,  may  be  more  or  less 
obaotete  in   some  forms,  in   faphia  (Fig.  690,  B)  and  Limenitia  form  "quite 
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a  deep  nolch,  which  doubtless  aaslBts  in  catching  hold  of  the  larval  skin  in  the 
efforts  to  attach  the  cremaster." 

"  It  is  principally,"  aiids  Kili-y,  "  by  the  ieverape  obtained  by  the  hooking  o( 
1  ttie  retaining  niumbrane,  which  acts  as  a  swimming  fulcrum, 
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>  In  hin  remarkable  stndiea  nn  the  morphology  of  the  l«pidoplera,  Prcifessor  W. 
Hatchet t---lnck!H>n  states  his  belief  tliat  Kiley's  homology  of  Ihe  Bustentors  with  the 
Botes  or  plants  of  the  anal  prolega,  and  the  sustenlor  ridges  with  their  limbs,  1b 
wrong,  and  that  the  eminences  on  either  side  the  anal  furrow,  or  the  "  anal  promi- 
nences," as  they  are  termed  by  Riley,  represent  the  prolegs,  and  that  the  Bustentor 
ridges  and  nustentors  are  prolialily  peculiar  developments  of  the  body  of  the  10th 
somite,  found  only  in  nome  I«pidoptera.  From  our  examination  of  pupa  ot  different 
families  of  moths,  we  are  Hatislled  that  Jackson's  view  is  the  correct  one.  We  have 
not  found  the  suslentors  and  their  ridges  in  the  pupie  of  the  more  generalized  moths. 
hnt  the  vestiges  of  the  anal  lees  are  almost  invariably  present,  their  absence  in  the 
pupa  of  Nola  and  Harrisina  being  noteworthy. 
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that  the  chrysalis  is  prevented  from  falling  after  the  cremaster  is  withdrawn 
from  the  larval  skin.  It  is  also  principally  by  this  same  means  that  it  is  enabled 
to  reach  the  silk  with  the  cremastral  hook-pads/* 

**  Dissected  immediately  after  suspension,  the  last  abdominal  segment  of  the 
larva  is  found  to  be  bathed,  especially  between  the  legs  and  around  the  rectum, 
in  an  abundance  of  translucent,  membranous  material.*' 

*^  An  hour  or  more  after  suspension  the  end  of  the  forming  chrysalis  begins  to 
separate  from  the  larval  skui,  except  at  the  tip  of  the  cremaster  (Fig.  697,  h). 
Gradually  the  skin  of  the  legs  and  of  the  whole  subjoint  (10th  segment) 
stretches,  and  with  the  stretching,  the  cremaster  elongates,  the  rectal  piece 
recedes  more  and  more  from  the  larval  rectum,  and  the  sustentor  ridges  diverge 
more  and  more  from  the  cremaster,  carrying  with  them,  on  the  sustainers,  a 
part  of  the  soft  membrane.*'  The  rectal  ligameut  will  sustain  at  least  10  or  12 
times  the  weight  of  the  chrysalis.  That  of  Apatura  seems  to  rely  abnost 
entirely  on  the  rectal  ligament,  assisted  by  the  partial  holding  of  the  delicate 
larval  skin. 


FORMATION  OF  THE  PUPA  AND  IMAGO  IN  THE  HOLO- 
METABOLOUS   INSECTS   (THE  DIPTERA  EXCEPTED) 

We  have  seen  that  in  the  incomplete  metamorphosis,  although 
there  may  be  as  many  as  five,  and  possibly  seven  moults,  and  in 
Chlo^on  as  many  as  20,  and  in  Cicada  septemdecirn  perhaps  25  or  30, 
there  is  but  a  slight  change  of  form  from  one  stage  to  another,  and 
no  period  of  inactivity.  And  this  gradual  outer  transformation  is 
so  far  as  yet  known  paralleled  by  that  of  the  internal  organs,  the 
sligtt  successive  changes  of  which  do  not  differ  from  those  observed 
in  the  growth  of  ametabolous  insects.  AVith  the  growth  of  the 
internal  organs  there  probably  goes  on  a  series  of  gradual  regenera- 
tive processes,  and  Korschelt  and  Heider  state  that  we  may  venture 
to  assume  that  each  changed  cell  or  group  of  cells  which  have  be- 
come exhausted  by  the  exercise  of  the  functions  of  life  are  reab- 
sorbed and  become  restored  through  the  vital  powers  of  the  tissues, 
so  that  as  the  result  there  goes  on  a  constant,  gradual  regeneration 
of  the  organs. 

While  the  Hemiptera  have  only  an  incomplete  metamorphosis,  the 
males  of  the  Coccidae  are,  as  shown  by  O.  Schmidt,  remarkable  for 
passing  through  a  complete  or  holometabolous  development,  with 
four  stages,  three  of  which  are  pupal  and  inactive.  Hence,  as 
Schmidt  observes,  there  is  here  a  hypermetamorphosis,  like  that  of 
the  Meloidse,  Stylopidae,  etc. 

Shortly  before  the  end  of  the  larval  stage  of  the  male  appear  th«» 
imaginal  buds  of  the  eyes,  legs,  and  wings.     In  the  2d  or  1st  pupal 
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stage  there  is  an  atrophy  of  the  antennae  and  legs.  On  the  other 
hand,  at  this  stage  the  female  completes  its  metamorphosis. 

The  rudiments  of  the  wings  arise  on  the  edge  of  the  dorsal  and 
ventral  side  of  the  2d  thoracic  segment,  and  this,  we  would  remark, 
is  significant  as  showing  a  mode  of  origin  of  the  wings  intermediate 
between  that  of  the  manometamorphic  and  holometamorphic  insects. 
(See  pp,  137-142.)  While  Schmidt  could  not  ascertain  the  exact 
structure  of  the  imaginal  buds,  he  says  "  in  general  the  process  of 
formation  of  the  extremities  is  exactly  as  Weismann  has  described 
in  Corethra."  The  two  later  pupal  stages  are  "  as  in  other  metabolic 
insects."     (See  p.  690,  Fig.  637.) 

Thus  far  the  internal  changes  in  the  metamorphosis  of  the 
Coleoptera  have  not  been  thoroughly  studied.  They  are  less  com- 
plete than  in  the  other  holometabolous  insects,  the  differences  be- 
tween the  larva  and  imago  being  much  less  marked  than  in  the 
more  specialized  orders,  and  so  far  as  known  all  the  larval  organs 
pass,  though  not  without  some  great  changes,  directly  into  the 
imaginal  ones,  the  only  apparent  exception  being  the  mid-intestine, 
which,  as  stated  by  Kowalevsky,  undergoes  a  complete  transforma- 
tion during  metamorphosis.  The  following  account,  then,  refers 
almost  wholly  to  the  Lepidoptera,  Hymenoptera,  and  Diptera. 

a.  The  Lepidoptera 

The  first  observations  on  the  complete  metamorphosis  of  insects 
which  were  in  any  way  exact  were  those  of  Malpighi,  in  1667,  and 
of  Swaramerdam,  in  1733.  While  the  observations  of  Swammerdam, 
as  far  as  they  extended,  were  correct,  his  conclusions  were  extraor- 
dinary. They  were,  however,  accepted  by  Reaumur  and  by  Bonnet, 
and  generally  held  until  the  time  of  Herold  in  1815,  and  lingered 
on  for.  some  years  after.  The  rather  famous  theory  of  incasement 
{^^ emhoUemenV^)  propounded  by  Swammerdam  was  that  the  form  of 
the  larva,  pupa,  and  imago  preexisted  in  the  e^^j  and  even  in  the 
ovary ;  and  that  the  insects  in  these  stages  were  distinct  animals, 
contained  one  inside  the  other,  like  a  nest  of  boxes,  or  a  series  of 
envelopes  one  within  the  other,  or,  to  use  his  own  words:  ^'Animal 
in  aiihnaU,  sen  papilio  intra  eruciun  reconditns.^^ 

This  theory  Swammerdam  extended  to  the  whole  animal  kingdom. 
It  was  based  on  the  fact  that  by  throwing  the  caterpillar,  when 
about  to  pupate,  in  boiling  wiater,  and  then  stripping  off  the  skin, 
the  immature  form  of  the  butterfly  with  its  appendages  was  dis- 
closed. Malpighi  had  previously  observed  the  same  fact  in  the 
2t 
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silkworm,  perceiving  that  before  pupation  the  antennae  are  concealed 
in  the  head  of  the  larva,  where  they  occupy  the  place  previously 
taken  by  the  mandibular  muscles ;  also  that  the  legs  of  the  moth 
grew  in  those  of  the  larva,  and  that  the  wings  developed  from  the 
sides  of  the  worm. 

Even  Reaumur  (1734)  remarked:  "Les  parties  du  |)apilli>n 
cachees  sous  le  fourreau  de  chenille  sont  d'autant  plus  faciles  a 
trouver  que  la  transformation  est  plus  jjroche.  Elles  y  sout  nean- 
moins  de  tout  temps."  He  also  believed  in  the  simultaneous  exist- 
ence of  two  distinct  beings  in  the  insect.  "  II  serait  tres  curieux  de 
connaitre  toutes  les  communications  intimes  qui  sont  entre  la  chenille 
et  le  papillon.  ...  La  chenille  hache,  broye,  digere  les  aliment> 
qu'elle  distribue  au  papillon ;  comme  les  m^res  pr^parent  ceux  qui 
sont  portes  aux  foetus.  Notre  chenille  en  un  mot  est  destine*^  a 
nourrir  et  a  defendre  le  papillon  qu'elle  renferrae."  (T,  i,  8*  Me- 
moire,  p.  3G3.) 

Lyonet  (1760),  even,  did  not  expose  the  error  of  this  view  that 
the  larva  enveloped  the  pupa  and  imago,  and,  as  Gonin  says,  it  was 
undoubtedly  because  he  did  not  use  for  his  dissections  of  tlie  cat^r- 
pillar  of  Cossus  any  specimens  about  to  pupate.  Yet  he  deieciHi 
the  wing-germs  and  those  of  the  legs,  stating  that  he  presumed  the 
bodies  he  saw  to  be  the  rudiments  of  the  legs  of  the  moth  (j).  4*><h- 

Herold,  in  his  work  on  the  development  of  the  butterfly  dSl.l. 
was  the  first  to  object  to  this  erroneous  theory,  showing  that  the 
wings  did  not  become  visible  until  the  very  end  of  larval  life:  that 
as  the  larval  organs  disappear,  they  are  transformed  or  ai-e  repla^y^l 
by  entirely  new  organs,  which  is  not  reconcilable  with  a  simple  \»\\\- 
ting  off  of  the  outer  envelope.  The  whole  secret  of  metainorpli<»>is, 
in  Herold's  opinion,  consisted  in  this  fact,  that  the  butterfly  in  th«* 
larva  state  increases  and  accumulates  a  supply  of  fat  until  it  has 
reached  the  volume  of  the  perfect  state ;  then  it  begins  the  chr\*sali> 
period,  during  which  the  organs  are  developed  and  take  their  defiiii!'* 
form.^     (Abstract  mostly  from  Gonin.)     Still  the  old  ideas  prevailfiL 

1  We  copy  from  Kirby  and  Spence  their  abstract  of  Herold's  coiielasians :  "TV 
successive  skins  of  the  caterpillar,  the  pupa-case,  the  future  butterfly,  and  iiji  iart> 
or  organs,  except  those  of  sex,  which  he  discovered  in  the  newly  exdudeil  lart  a.  'i* 
not  preexist  as  germs,  but  are  formed  successively  from  the  rete  mucft^vtu,  «ltKi 
itself  is  fonned  anew  upon  every  change  of  skin,  from  what  he  denominates  the*  hi,-*:, 
or  the  chyle  after  it  has  passed  through  the  pores  of  the  intestinal  canal  int«»  xh* 
general  cavity  of  the  body,  where,  being  oxygenated  by  the  air-vessels,  it  perf<M 
the  nutritive  functions  of  blood.  He  attributes  these  formations  to  a  viA/ormitn: 
(bildende  Kraft). 

'*The  caul  or  epiploon  {/ett-masae)  ^  the  corps  graisseux  of  Reanmar,  etc..  wfcW 
he  supposes  to  be  formed  from  the  superfluous  blood,  he  allows,  with  most  pby^w" 
gists,  to  be  stored  up  in  the  larva,  that  in  the  pupa  state  it  may  serve  for  tbe  di*vfr 
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and  even  Lacordaire,  in  his  Introduction  k  I'Entomologie  published  in 
1834,  held  on  to  Swammerdam's  theory,  declaring  that  "  a  caterpillar 
is  not  a  simple  animal,  but  compound,"  and  he  actually  goes  so  far 
as  to  say  that  ^^  a  caterpillar,  at  first  scarcely  as  large  as  a  bit  of 
thread,  contains  its  own  teguments  threefold  and  even  eightfold  in 
number,  besides  the  case  of  a  chrysalis,  and  a  complete  butterfly, 
all  lying  one  inside  the  other."  This  view,  however,  w^e  find  is  not 
original  with  Lacordaire,  but  was  borrowed  from  Kirby  and  Spence 
without  acknowledgment.  These  authors,  in  their  Introduction  to 
Entomology  (1828),  combated  Herold's  views  and  stoutly  maintained 
the  old  opinions  of  Swammerdam.  They  based  their  opinions  on 
the  fact,  then  known,  that  certain  parts  of  the  imago  occur  in  the 
caterpillar.  On  the  other  hand,  Herold  denied  that  the  successive 
skins  of  the  pupa  and  imago  existed  as  germs,  holding  that  they  are 
formed  successively  from  the  "  rete  ^nucosum"  which  we  suppose  to 
be  the  hyi)odermis  of  later  authors.  In  a  slight  degree  the  Swam- 
merdam-Kirby  and  Spence  doctrine  was  correct,  as  the  imago  does 
arise  from  germs,  i.e.  the  imaginal  disks  of  Weismann,  while  this 
w^as  not  discovered  by  Herold,  though  they  do  at  the  outset  arise 
from  the  hypodermis,  his  rete  mncosum.  Thus  there  was  a  grain  of 
truth  in  the  Swammerdam-Kirby  and  Spence  doctrine,  and  also  a 
mixture  of  truth  and  error  in  the  opinions  of  Herold. 

The  real  nature  of  the  internal  changes  wrought  during  the 
process  of  metamorphosis  was  first  revealed  by  AVeismann  in  1864. 
His  discovery  of  the  germs  of  the  imago  (imaginal  buds)  of  the 
Diptera,  and  his  theory  of  histohjsis,  or  of  the  complete  destruction 
of  the  larval  organs  by  a  gradual  process,  was  the  result  of  the  appli- 
cation of  modern  methods  of  embryology  and  histology,  although 
his  observations  were  first  made  on  the  extremely  modified  type  of  the 
Muscidae  or  flies,  and,  at  first,  he  did  not  extend  his  view  to  include 
all  the  holometabolous  insects.  Now,  thanks  to  his  successors  in 
this  field,  Ganin,  Dewitz,  Kowalevsky,  Van  Rees,  Bugnion,  Gonin, 

opment  of  the  imago.  But  he  differs  from  them  in  asserting  that  in  this  state  it  is 
destined  to  two  distinct  purposes:  first,  for  the  production  of  the  muscles  of  the 
butterfly,  which  he  afHrms  are  generated  from  it  in  the  shape  of  slender  bundles  of 
fibres:  and,  secondly,  for  the  development  and  nutrition  of  the  organs  formed  in  the 
larva,  to  effect  which,  he  says,  it  is  dissolved  again  into  the  mass  of  blood,  and  being 
oxygenated  by  the  air-vessels,  becomes  tit  for  nutrition,  whence  the  epiploon  appears 
to  be  a  kind  of  concrete  chyle."  (Entwickelungsgeschichte  der  Schmetterlinge, 
pp.  12-27.)  It  seems  that  Herold  was  right  in  deriving  the  pupa  and  imago  from  the 
hypodermis  (his  rete  mucosum)^  but  wrong  in  denying  that  the  germs  did  not  preexist 
in  the  young  caterpillar,  and  wrong  in  supposing  that  the  latter  originated  from  the 
blood,  also  in  supposing  that  the  muscles  owe  their  origin  to  the  fat-bmly.  Swam- 
merdam,  and  also  Kirby  and  Spence.  were  correct  in  supposing  that  the  imago  arose 
frofti  *'  germs  "  in  the  larva,  though  wrong  in  adopting  the  "  emboitement  "  theory. 


644  TEXT-BOOK  OF  ENTOMOLOGY 

and  others,  we  see  that  metamorphosis  is,  after  all,  only  au  exten- 
sion of  embryonic  life,  the  moults  and  great  changes  being  similar  to 
those  undergone  by  the  embryo,  and  that  metamorphosis  and  alter- 
nation of  generations  are  but  terms  in  a  single  series.  Moreover, 
the  metamorphoses  of  insects  are  of  the  same  general  nature  as 
those  of  certain  worms,  of  the  echinoderms,  and  the  frog,  the 
different  stages  of  larva,  pupa,  and  imago  being  adaptational  and 
secondary. 

While  the  changes  in  form  from  the  larva  to  the  pupa  are  appar- 
ently  sudden,  the  internal  histogenetic  steps  which  lead  to  them  are 
gradual.  In  the  Lepidoptera  a  few  days  (usually  from  one  to  three) 
before  assuming  the  pupa  stage,  the  caterpillar  becomes  restless  and 
ceases  to  take  food. .  Its  excrements  are  now  hard,  dry,  and,  accord- 
ing to  Gonin,  are  "  stained  carmine  red  by  the  secretions  of  the 
urinary  tubes."  Under  the  microscope  we  find  that  they  are  almost 
exclusively  composed  of  fragments  of  the  intestinal  epithelium. 
These  red  dejections  were  noticed  by  Reaumur,  and  afterwards  by 
Herold,  and  they  are  sure  indications  of  the  approach  of  the  trans- 
formations. It  now  wanders  about,  and,  if  it  is  a  spinner,  spins  its 
cocoon,  and  then  lies  quietly  at  rest  while  the  changes  are  going  on 
within  its  body.  Meanwhile,  it  lives  on  the  stores  of  fat  in  the  fat- 
body,  and  this  supply  enables  it  to  survive  the  pupal  period. 

The  amount  of  fat  is  sometimes  very  great.  Newport  removed  from  the  lim 
of  CossuH  ligniperda  42  grains  of  fat,  being  more  than  one-fourth  of  the  whole 
weight  of  the  insect.  He  adds  that  the  supply  is  soon  nearly  exhausted  during 
the  rapid  development  of  the  reproductive  organs,  **  since,  when  these  hare 
become  perfected,  the  quantity  that  remains  is  very  inconsiderable." 

Although  the  larval  skin  of  a  lepidopterous  insect  is  suddenly 
cast  oif,  the  pupa  quickly  emerging  from  it,  yet  there  are  several 
intermediate  stages,  all  graduating  into  each  other.  If  a  caterpillar 
of  a  Clisiocampa,  which,  as  we  have  observed,  is  much  shortened 
and  thickened  a  day  or  two  before  changing  to  a  pupa,  is  hardened 
in  alcohol  and  the  larval  skin  is  stripped  off,  the  semi  pupa  (i»ro- 
nymph,  pro-pupa  of  different  authors)  is  found  to  be  in  different 
stages  of  development,  and  the  changes  of  the  mouth-}>art5  are 
interesting,  though  not  yet  sufficiently  studied. 

Newport  attributes  the  great  enlargement  and  changes  in  the 
shape  of  the  thoracic  segments  of  the  larva  of  Vanessa  urtic^  at 
this  time,  to  the  contraction  or  shortening  of  the  muscles  of  the 
interior  of  those  segments,  "  which  are  repeatedly  slowly  extended 
and  shortened,  as  if  the  insect  were  in  the  act  of  laborious  respira- 
tion."   This,  he  adds,  generally  takes  place  at  short  intervals  during 
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the  two  hours  immediately  preceding  the  change  to  the  pupa,  and 
increases  in  frequency  as  that  period  approaches.  He  thus  describes 
the  mode  of  moulting  the  larval  skin :  "  When  the  period  has  arrived, 
the  skin  bursts  along  the  dorsal  part  of  the  3d  segment,  or  meso- 
thorax,  and  is  extended  along  the  2d  and  4th^  while  the  coverings 
of  the  head  separate  into  three  pieces.  The  insect  then  exerts 
itself  to  the  utmost  to  extend  the  fissure  along  the  segment  of  the 
abdomen,  and,  in  the  meantime,  pressing  its  body  through  the  open- 
ing, gradually  withdi'aws  its  antennae  and  legs,  while  the  skin,  by 
successive  contortions  of  the  abdomen,  is  slipped  backwards,  and 
forced  towards  the  extremity  of  the  body,  just  as  a  person  would 
slip  off  his  glove  or  his  stocking.  The  efforts  of  the  insect  to  get 
entirely  rid  of  it  are  then  very  great;  it  twirls  itself  in  every 
direction  in  order  to  burst  the  skin,  and,  when  it  has  exerted  itself 
in  this  manner  for  some  time,  twirls  itself  swiftly,  first  in  one 
'direction,  then  in  the  opposite,  until  at  last  the  skin  is  broken 
through  and  falls  to  the  ground,  or  is  forced  to  some  distance  from 
it.  The  new  pupa  then  hangs  for  a  few  seconds  at  rest,  but  its 
change  is  not  yet  complete.  The  legs  and  antennae,  which  when 
withdrawn  from  the  old  skin  were  disposed  along  the  under  surface 
of  the  body,  are  yet  separate,  and  do  not  adhere  together  as  they  do 
a  short  time  afterwards.  The  wings  are  also  separate  and  very 
small.  In  a  few  seconds  the  pupa  makes  several  slow,  but  powerful, 
respiratory  efforts;  during  which  the  abdominal  segments  become 
more  contracted  along  their  under  surface,  and  the  wings  are  much 
enlarged  and  extended  along  the  lateral  inferior  surface  of  the 
body,  while  a  very  transparent  fluid,  which  facilitated  the  slipping 
off  of  the  skin,  is  now  diffused  among  the  limbs,  and  when  the  pupa 
becomes  quiet  dries,  and  unites  the  whole  into  one  compact  covering." 
The  chang^es  in  the  head  and  mouth-parts.  —  The  changes  of  form 
from  the  active  mandibulate  caterpillar  to  the  quiescent  pupa,  and 
then  to  the  adult  butterfly,  are,  as  we  have  seen,  in  direct  adaptation 
to  their  changed  habits  and  surroundings,  and  they  differ  greatly  in 
details  in  insects  of  different  orders.  In  many  Lepidoptera  and 
certain  Diptera  the  pupa  and  imago  are  without  the  mandibles  of  the 
larva,  and,  instead,  the  1st  maxillae  in  the  former  order,  and  the  2d 
maxillae  in  the  latter,  are  highly  developed  and  specialized.  The 
changes  in  the  shape  of  the  head,  with  the  antennae,  the  latter  rudir 
mentary  in  the  larvae  of  the  two  orders  named,  are  noteworthy,  and 
will  be  referred  to  under  those  orders.  The  same  may  be  said  of 
the  thorax  with  the  legs  and  wings,  and  the  abdomen  with  the  ovi- 
positor.   Every  part  of  the  body  undergoes  a  profound  change,  though 
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Iq  the  Coleoptera,  Trichoptera,  and  the  more  generalized  am)  primi- 
tive Dipteia,  each  segment  and  appendage  of  the  larva  are  dirwik 
tranaformed  into  the  corresponding  parts  "I 
the  pupa,  and  subsequently  of  the  imago.  U> 
shall  see,  however,  beyond,  that  this  genen! 
statement  does  not  apply  to  the  Hymenojit^ra, 
in  which  there  is  a  process  of  eephaliialico 
or  transfer  of  parts  headward,  peculiar  to  ihai 

The  change  in  the  internal  orgaiiB.— The« 
were  especially,  as  regards  the  nervous  sys- 
tem, first  carefully  examined  and  ilhistraieJ 
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by  that  great  English  entomotomist,  Newport,  and  those  of  i 
reproiUictive  organs  by  Herold  as  early  as  1S15.  A  glami' a" 
figures  (ilDS-GO-I),  reproduced  from  Newport's  article  Iiisecta.  " 
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Km.  It»j.  -  Nmijiin  ayBleiii  of  thi>  |iiipiior.'7iAJiix 
lij/uAlri.  xxin  uniT  i>u|mUoii.  — Tbli  aiiil  l-V  HOI, 
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are  such  as  occur  in  an  insect  which  is  enormously  voracioas  as  i 
larva,  and  which  often,  passing  through  a  period  of  complete  in- 
activity, taking  no  food  at  all^  finally  becomes  an  insect  which  neeiB 
to  suck  in  only  a  minimum  quantity  of  water  or  nectar,  and  which 
practically  abstains  from  all  food.  The  head  and  genital  glands 
also,  as  well  as  the  urinary  vessels,  are  nearly  the  same.  On  litf 
other  hand,  the  salivary  glands  have  undergone,  in  the  imago,  a 
thoroughgoing  reduction. 

The  changes  undergone  by  the  nervous  system  of  Sphinx  Uffuttri 
and  Vanessa  urticoi  have  been  described  by  Newport  with  fulness  of 
detail.  An  abstract  of  his  observations  on  Vaiiessa  urtictf,  which 
undergoes  its  changes  in  June  in  14  days,  and  in  August  in  ei^t 
days,  we  will  now  give,  in  part  verbatim,  the  subject  being  rendered 
much  clearer  by  his  figures,  which  are  reproduced- 

During  the  last  larval  stage,  certain  changes  have  already  taken  place  in  dif- 
ferent parts  of  the  cord,  which  shows  that  they  had  been  a  long  time  in  progress. 
Besides  the  lateral  approximation  of  the  cords,  the  first  change  consisss  in  i 
union  of  the  lUh  and  12th  ganglia,  the  latter  one  being  carried  forwards ;  tbese 
two  ganglia  being  entirely  separate  before  the  3d  moult. 

Two  hours  after  the  larva  of  Vanessa  urticoB  has  suspended  itself  in  order  to 
pupate,  the  brain  is  not  yet  enlarged,  but  the  subcesophageal  ganglion  is  nearir 
twice  its  original  size  and  the  ganglia  behind  are  nearer  together.  '*  A  liuk 
while  before  the  old  larval  skin  is  thrown  oS.  there  is  great  excitement  throof^ 
out  the  body  of  the  insect."  About  half  an  hour  (Fig.  603,2)  before  this  oc- 
curs the  alary  nerves  and  the  cerebral,  2d,  3d,  4th,  and  5th  ganglia  are  slii^tlT 
enlarged,  and  the  1st  subcesophageal  ganglion  very  considerably.  Immediaiciy 
after  the  insect  has  entered  the  pupa  state  (Fig.  603, 3),  aU  the  ganfdis  vt 
brought  closer  together.  One  hour  after  (Fig.  603,  4)  pupation  the  cerebral  » 
glia  are  found  to  be  more  closely  united,  the  4th  and  5th  ganglia  are  nearer,  aoi 
the  distance  between  the  remaining  ganglia  is  also  reduced. 

Seven  hours  after  pupation  there  is  a  greater  enlargement  of  the  cerebral  em- 
glia,  optic  nerves,  and  ganglia  and  cords  of  the  future  Uioracic  segments. 

At  12  hours  (Fig.  603,  5)  the  5th  pair  of  ganglia  has  almost  completely  (^ 
lesced  with  the  cord  and  the  4th;  at  18  hours  (Fig.  603,  e)  the  whole  of  the  guglii. 
cords,  and  nerves  have  become  more  enlarged,  especially  those  of  the  wines, 
while  the  4th  and  5th  ganglia  of  the  cords  have  now  so  completely  united  as  ^ 
appear  like  an  irregular  elongated  mass.  At  24  hours  (Fig.  604,  i)  the  4th  and  5ik 
ganglia  are  completely  united,  the  5th  being  larger  than  the  4th.  At  80  boon 
(Fig.  604,  8)  the  optic  nerves  have  attained  a  size  almost  equal  to  that  of  tk 
brain.  The  1st  subcesophageal  ganglion  now  forms,  with  the  cerebral  ow*. » 
complete  ring  around  the  oesophagus,  the  crura  having  almost  disappeai*^ 
The  6th  ganglion  has  now  disappeared,  but  the  nerves  arising  from  ii  remiia- 
At  48  hours  (Fig.  604,  9)  the  cord  is  straight  instead  of  being  wnuoua,  and  i^ 
7th  ganglion  has  disappeared,  while  the  thoracic  ganglia  are  greatly  enlan*^ 
At  the  end  of  58  hours  the  2d  and  3d  thoracic  ganglia  have  united,  and  * 
double  ganglion  thus  formed  is  only  separated  from  the  large  thoracic  m»ss  ^^a* 
posed  of  the  4th,  5th,  and  part  of  the  6th  ganglia,  by  the  short  but  greatlj  «*■ 
larged  cords  which  pass  on  each  side  of  the  central  attachment  of  the  intiscl* 
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Fio.  608.  —  Changes  in  the  nervous  system  of  Vansssa  urUom,  during  and  after  pupation. 
After  Newport. 
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Fio.  604.  —Changes  in  the  nervous  system  of  Vanesaa  urlicce^  from  24  to  58  hours  after 
pupation.  -—After  Newport, 
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'*The  optic  and  anteunal  nerves  have  nearly  attained  their  full  development, 
and  those  numerous  and  most  intricate  plexus  of  nerves  in  the  three  thoracic 
segments  of  the  larva  form  only  a  few  trunks,  which  can  hardly  be  recognized 
as  the  same  structures.  The  arrangement  of  the  whole  nervous  system  is  now 
nearly  as  it  exists  in  the  perfect  insect.  The  whole  of  these  important  changes 
are  thus  seen  to  take  place  within  the  first  three  days  after  the  insect  has  under- 
gone its  metamorphosis  ;  and  they  precede  those  of  the  alimentary  canal, 
generative  system,  and  other  organs,  which  are  still  very  far  from  being  com- 
pleted, and  indeed,  as  compared  with  the  nervous  system,  have  made  but  little 
progress."     (Art.  Insecta,  pp.  962-966.) 

The  initial  steps  and  many  of  the  subsequent  internal  changes 
escaped  the  notice  of  Newport  and  others  of  his  time,  and  it  was 
not  until  the  epoch-making  work  of  Weismann  on  the  ultimate 
processes  of  transformation  of  Corethra  and  of  Musca,  that  we  had 
an  adequate  knowledge  of  the  subject. 

Weismann   (1864)   was  the   first  to  show  for  the  Musoidae  ami 
Corethra  that  the  appendages,  wings,  and  other  parts  of  the  imago 
originate  in  separate,  minute,  cellular  masses  called  imaginal  disks 
buds,   or   folds   (histoblasts  of  KUnckel).      These   imaginal  budN 
which  arise  from  the  hypodermis,  being  masses  of  indifferent  cells, 
are  usually  present  in  the  very  young  larva,  and  even  in  the  lat*T 
embryonic  stages.     It  has  been  shown  that  such  imaginal  buds  exist 
for  each  part  of  the  body,  not  only  for  the  appendages  and  wind's 
(p.  126),  but  for  the  different  sections  of  the  digestive  eanal.    Dur- 
ing the  semipupal  stage  these  buds  enlarge,  grow,  and  at  the  sanif 
lime   there   is   a  corresponding   destruction   of   the   larval   organs. 
The  process  of  destruction  is  due  to  the  activity  of  the  blood  cor- 
puscles or   leucocytes  (phagocytes),  the  larval  organs  thus  broken 
up  forming  a  creamy  mass,  the  buds  from  which  the  new  organs 
are  to  arise  resisting  the  attacks  of  the  virulent  leucocytes,  which 
attach  themselves  to  the  weakened  tissue  and  engulf  the  pigments 
(see  p.  422).     The  two  processes  of  destruction  of  the  larval  organs 
(histolysis)  and  the  building  up  of  the  imaginal  organs  (histogenesis) 
go  hand  in  hand,  so  that  the  connection  of  the  organs  in  question  in 
most  cases  remains  entirely  continuous ;  while  the  last  steps  in  the 
destruction  of  the  larval  organs  only  take  place  after  the  organs  of 
the  imago  have  assumed  their  definite  shape  and  size.     Other  ol»- 
servers  have  corroborated  and  confirmed  his  statements  and  obser- 
vations, Gonin  extending  them  to  the  Lepidoptera  and  Bugnion  to 
the  Hymenoptera. 

It  is  a  pity  that  the  observations,  such  as  were  set  on  foot  bj 
Weismann,  were  not  first  made  on  the  Trichoptera  and  Lepidoptera, 
which   are   much   more  primitive   and  unmodified  forms  than  the 
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Diptera,  but  mistakes  of  this  nature  have  frequently  happeued  in  the 
history  of  science. 

The  latest  and  most  detailed  researches  are  those  of  J.  Gonin  on 
the  metamorphoses  of  Pieria  brosaiciE,  made  under  the  direction  of 


'■^ 


Fto.  «B.  —  Full  (Town  Inn*  of  PUrin  bmnHiea  optnwl  slnne  the  dor-al  LIni;  d.  dlg»illTe 
nnilj  t.  nUk-gliiiil:  g,  bn)n  .  MI,  pruIbiinKlc  BIlRinm:  «l/l'.  I"  sbdonilimJ  >II|cin>:  a.a'.genat 

umlertheBlft-gtaiidi:  /-//INhoMtfcrTnKS.^AruirOoiilD.'  '   '         '"""^ 

Professor  E.  Bugnion.    They  fill  an  important  gap  in  our  knowl- 
edge, and  show  tliat  the  Lepidoptera  transform  in  nearly  the  same 
manner  as  described  by  Weismann  in  Coretlira.     We  give  the  follow- 
ing condensed  account  of  Gonin's  observations. 
On  oi>ening  a  caterpillar  eutering  on  the  semipupa  state  (Fig.  605), 
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the  relative  position  of  the  germs  (imaginal  buds  ( 
wings  and  of  the  legs  are  seen. 


folds)  of  tbt 


These  imaginal  buds  in  a  more  advanced  atage  are  seen  in  oai 
sections  of  a  tineid  larva  (Figs.  60G,  GO"). 

The  number  of  12  imaginal  buds  found  by  Weisraann  in  ti« 
thorax  of  iluscidse  does  not  occur  in  Lepidoptera,  since,  as  in  tb* 


t  ^^ 


Fl0.«l)T.-»«tlon 


Hymenoptera  (Bugnion),  the  dorsal  buds  ot  the  prothoracic  sepn*"* 
are  wanting.     Gonin  finds  in  Pieris  that  the  ventral  buds  of  ll" 
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three  thoracic  segments  are  each  represented  by  several  distinct 
folds  attached  to  the  fenioro-tibial  bud  and  to  the  tarsal  joints. 

The  imaginal  buds  serve  in  some  cases  for  the  formation  of  new 
organs  (wings,  legs  of  insects  with  apodous  larvai) ;  in  others  for 
the  growth  and  the  transformation  of  organs  already  existing  (legs, 
antennae,  1st  and  2d  maxillae  of  Lepidoptera). 

As  to  the  peripodal  sac  or  hypodermic  envelope  which  contains  the  imaginal 
bud,  a  portion  persists  and  is  regenerated,  while  the  other  part  becomes  useless 
and  is  detached  under  the  form  of  debris,  as  shown  by  Weisraann,  Viallanes, 
and  Van  Rees  in  the  MuscidJE.  On  this  point  Gonin  disagrees  with  Dewitz, 
who  stated  that  the  walls  of  the  wing-sacs  are  not  destroyed,  but  are  only  gradu- 
ally withdrawn  at  the  time  of  pupation,  in  order  to  allow  the  orifice  to  distend 
and  let  the  wing  pass  out  to  the  exterior. 

The  portion  of  the  sac  which  persists  (basal  portion,  peripheral  pad  of  Bugnion, 
or  annular  zone  of  Ktinckel)  serves  at  first  to  attach  the  appendage,  while  form- 
ing, to  the  hypodermis  of  the  larva,  then  afterwards  to  more  or  less  completely 
regenerate  the  adjoining  portion  of  the  integument.  In  this  way  the  hypodeiinis 
of  the  thorax  is  partially,  that  of  the  head  is  almost  entirely,  replaced  by  the 
imaginal  epithelium  which  proliferates  at  the  base  of  the  appendages,^  while  that 
of  the  abdominal  segments  persists,  at  least  in  a  modified  way,  and  only  under- 
goes (at  the  end  of  the  pupal  period)  transformations  as  regards  the  appearance 
of  the  scales  and  pigment. 

The  wings.  —  The  imaginal  buds  of  the  wings  do  not  participate 
in  the  larval  moults.  Gonin  has  observed,  contrary  to  Dewitz,  that 
their  surface  only  forms  a  cuticle  towards  the  end  of  the  last  larval 
stage. 

The  network  of  fine  tracheae  of  the  wing-bud  is  drawn  out  at 
the  time  of  pupation  with  the  internal  cuticle  of  the  large  tracheae. 
The  permanent  trachea^  of  the  wing  have  already  appeared  at  the 
time  of  the  3d  moult  under  the  form  of  large  rectilinear  trunks,  the 
position  of  which  corresponds  afterwards  to  that  of  the  veins,  but 
they  are  not  filled  with  air  until  the  time  of  pupation.  There  are 
from  eight  to  ten  of  these  tracheae  in  each  wing  (Fig.  159),  and  they 
give  rise  in  the  pupa  to  a  new  system  of  fine  tracheae  (tracheoles) 
"which  replaces  that  of  the  larva.  (For  further  details  the  reader  is 
referred  to  pp.  126-137.) 

Development  of  the  feet  and  the  cephalic  appendages.^ — In  the  apodous 
larvae  of  Diptera  and  Hymenoptera  the  rudiments  of  the  legs  are, 
like  those  of  the  wings,  developed  within  hypodermal  sacs;  at 
times  they  remain  there  up  to  the  end  of  larval  life,  but  sometimes 

^  In  the  regions  where  the  imaginal  buds  are  not  present  (dorsal  aspect  of  the  pro- 
thorax,  and  abdomen) ,  the  epithelium  (hypodermis)  may  proliferate  independently  of 
these  buds. 

3  We  shall  translate  portions  and,  when  the  text  allows,  make  an  abstract  of  parts 
of  Gonin 's  clear  and  excellent  account,  often  using  his  own  words. 
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they  appear  early  at  the  surface.  This  origin  of  the  legs,  thanks  to 
AVeismann,  KUnckel,  and  Van  Kees,  is  well  known  in  the  Diptera; 
in  the  Hymenoptera  it  has  been  proved  to  be  the  ease  with  ants  bv 
Dewitz,  and  in  Encyrtus  by  Bugnion.  As  for  the  Lepidoptera  our 
knowledge  that  the  legs  of  the  imago  arise  from  the  six  tlioracic 
legs  of  the  caterpillar,  up  to  the  date  of  Gonin's  paper  has  not  been 
in  advance  of  that  of  Malpighi  and  Swamraerdam. 

R6aumur,  moreover,  was  supposed  to  have  furnished  the  proof,  haviug  from 
his  experiments  concluded  tliat  *^  if  the  legs  of  the  pupa  appear  longer  and  larger 
than  those  of  the  caterpillar  wherein  they  were  contained,  it  is  because  they 
were  folded  and  squeezed."     (8*  M^m.,  p.  366.) 

This  explanation  of  R^aumur^s  has  been  generally  accepted.  Graber  (Die 
Insekten,  p.  500)  accepted  it,  after  examining  microscopic  sections  of  the  1^ 
and  KUnckel  averred  that  ^*  R^umur,  having,  in  certain  caterpillars,  completely 
cut  off  one  of  the  thoracic  legs,  had  concluded  that  the  butterfly  which  came 
from  it  lacked  the  corresponding  member,"  (Rech.  sur  I'org.  et  d6v.  des  rolo- 
celles,  p.  160.) 

Newport,  it  is  true,  denied  this  disappearance  of  the  legs,  but  did  not  wish  to 
put  himself  in  opposition  to  received  ideas,  and  supposed  that  the  member  eitt 
off  was  partly  reformed  in  the  imago. 

Kilnckel  believes  that  he  has  found  a  better  solution  in  his  theory  of  hi^v 
blasts  or  imaginal  buds  ;  in  his  opinion,  **  Reaumur  and  Newport  are  both  ri^t.** 
but ' '  when  Reaumur  cut  off  a  caterpillar^s  leg,  he  at  the  same  time  removed  tbe 
histoblast,  the  rudiment  of  the  leg  of  the  butterfly.  When  Newport  repeated 
this  experiment,  he  simply  mutilated  the  histoblast  without  completely  destnn- 
ing  it :  in  the  first  case,  the  adult  insect  was  bom  with  one  leg  less ;  in  the 
second  case,  it  appeared  with  an  atrophied  foot.^* 

*'So  ingenious  an  explanation,^*  says  Gonin,  "is  not  necessary."  Toprwr 
that  the  experiments  of  the  two  savants  are  not  contradictory,  it  would  have 
been  sufliclent  to  cite,  as  KUnckel  did  not  do,  the  exact  words  of  Reaumur,  for  he 
having  cut  from  a  caterpillar  "  more  than  half  of  three  of  the  thoracic  legs  oa 
the  same  side,**  says  he  found  that  the  chrysalis  had  "the  three  limbs  on  one 
side  shorter  than  the  corresponding  ones  on  the  other  side.*'  The  same  oi*rt- 
tion  repeated  on  a  somewhat  younger  caterpillar  again  showed  in  the  chirsslii 
three  maimed  limbs,  "  so  that  they  could  not  be  said  to  be  entirely  absent.  Ihest 
results  are  like  those  of  Newport ;  the  interpretation  only  was  faulty,  as  ve 
shall  attempt  to  prove." 

The  real  relations  of  the  adult  legs  to  the  larval  legs  are  thus 
shown  by  Gonin. 

*^  If  we  carefully  strip  off  the  skin  of  a  caterpillar  near  the  time  of 
pupation  (Fig.  G08),  we  see  that  the  extremity  only  of  the  legs  of  the 
imago  is  drawn  out  of  the  larval  legs ;  the  other  parts  are  presW 
against  each  side  of  the  thorax :  near  the  ventral  line  a  small  i»ad 
represents  the  coxa  and  the  trochanter;  the  femur  and  the  tibia aie 
distinctly  recognizable,  but  soldered  to  each  other  and  only  separated 
by  a  slight  furrow  ;  they  form  by  their  union  a  very  acute  kuw*  »< 
bend.    The  femur  is  movable  on  the  pad-like  coxa,  the  tibia  eontinuK 
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without  precise  limits  with  the  extremity  concealed  in  the  larval 
legs.  The  three  divisions  of  the  latter  do  not  appear  to  have  any 
relation  with  the  five  joints  of  the  perfect  state.  Under  the  micro- 
scope the  rudiment  appears  very  strongly  plaited  at  the  level  of  the 
tarsus,  much  less  so  in  the  other  regions.  A  large  trachea  penetrates 
into  the  femur  with  some  capillaries ;  reaching  the  knee  it  bends  into 
the  tibia  at  a  sharp  curve,  but  does  not  become  truly  sinuous  in 
approaching  the  extremity.  It  is  then  the  tarsus  especially  which 
is  susceptible  of  elongation ;  it  may,  on  being  withdrawn,  give  rise 
to  the  illusion  that  the  whole  organ  is  disengaged  from  the  larval 
leg. 

"  This  disposition  is,  we  believe,  not  known.  It  gives  the  key  to 
the  experiments  of  Reaumur  and  of  Newport. 

**  Even  when  we  cut  off  the  limb  of  the  caterpillar  at  its  base,  we 
only  remove  the  tarsus  of  the  imago ;  the  femur  and  the  tibia  remain 
intact.  From  an  evident  homology  Reaumur  has  erroneously  con- 
cluded that  there  is  an  identity.  His  opinion,  classical  up  to  this 
day,  that  the  limb  of  the  butterfly  is  entirely  contained  in  the  leg  of 
the  caterpillar,  has  been  found  to  be  inexact  and  should  be  aban- 
doned." 

Embryonic  cells  and  the  phagocytes.  —  Up  to  the  last  larval  stage  the 
legs  do  not  offer,  says  Gonin,  any  vestige  of  an  imaginal  germ,  but 
they  contain  a  great  number  of  embryonic  cells  (Fig.  145,  ec).  They 
are  almost  always  collected  around  a  nerve  or  trachea;  sometimes 
they  are  independent,  and  sometimes  retained  in  the  peritoneal 
sheath,  seeming  to  arise  by  proliferation  from  this  sheath.  Some 
thus  contribute  to  the  lengthening  of  the  tracheal  branches  or  nerves, 
and  the  others,  becoming  detached,  form  leucocytes  or  phagocytes. 
They  are  very  numerous  in  the  legs,  at  the  beginning  of  the  4th  stage, 
but  are  disseminated  some  days  later  throughout  the  whole  cavity 
of  the  body.  At  the  time  of  histolysis  they  attack  the  larval  tissues 
and  increase  in  volume  at  their  expense ;  in  return  they  serve  for 
the  nutrition  of  the  imaginal  parts  and  exercise  no  destructive  action 
on  them.  Van  Rees  agrees  with  Kowalevsky  in  comparing  these 
attacks  of  the  embryonic  cells,  sometimes  victorious  and  sometimes 
impotent,  to  the  war  which  the  leucocytes  wage  against  both  the 
attenuated  and  the  virulent  bacteria- 
Formation  of  the  femur  and  of  the  tibia,  transformation  of  the  tarsus. 
—  ('apillary  tracheae  appear  in  the  leg  at  the  same  time  as  in  the 
wing.  They  arise  from  the  end  of  a  tracheal  trunk  near  the  base  of 
the  limb  on  the  dorsal  and  convex  side.  After  the  3d  moult  the 
hypodermis  thickens  near  this  place ;  in  a  few  days  a  pad  is  formed 
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there  and  then  a  large  imaginal  bud  with  a  circular  invaginatioiL 
These  buds  were  noticed  by  Lyonet,  who  supposed  them  to  be 
"  les  principes  des  jambes  de  la  phal^ne."  Nerves  and  a  tracheal 
branch  penetrate  into  the  feraoro-tibial  bud  and  form  a  small  bay  or 
constriction  which  marks  the  point  of  junction  of  the  femur  with 
the  tibia,  and  the  body-cavity  remains  in  direct  communication  with 
the  end  of  the  limb. 

The  tarsus  undergoes  a  series  of  changes ;  the  surface  is  folded  in 
a  very  complicated  way ;  at  the  level  of  each  articulation,  but  onlj 
in  the  internal  and  concave  region  of  the  leg,  is  developed  a  deep 

fold ;  on  one  side  there  is  a  hypodermic 
iW  J/fe"^  /  thickening,  on  the  other  a  simple  leaf 

of  the  envelope,  which  afterwards  joins 

f 


Fio.  608.  —Feet  ot  the  PJeris  but- 
terfly withdrawing^  from  those  of  the 
larva. 


B'- 


Fro.  609.  —  Imafiinal  feet  of  Pieris  nncormd  «1th 
CTeat  care  to  preserve  the  position  which  ther  had  1b  t^ 
larva :  to,  tarsus ;  t^  tibia ;  g^  knee ;  /,  femur ;  K  t<i\»~ 


at  its  base  with  the  parietal  hypodermis,  and  then  two  leaves  are 
destroyed  with  the  large  cells  of  the  setae.  The  internal  part  and 
end  of  the  tarsus  are  then  reconstituted  with  the  elimination  of  tlie 
debris,  while  the  external  and  convex  region  undergoes  direft 
regeneration. 

The  coxa  and  trochanter  are  derived  from  the  base  of  the  larral 
leg,  and  only  the  1st  pair  are  well  separated  from  the  base  of  the 
thorax.  One  or  two  days  before  pupation  the  femoro-tibial  bud.  after 
having,  until  now,  preserved  its  antero-posterior  direction,  is  plat'eJ 
transversely  as  regards  the  larva,  then  becoming  directed  obli^infly 
forward.  This  rotatory  movement  of  the  coxa  may  be  attributnl  to 
the  great  extension  of  tlie  fore  wings,  Avhich  push  before  them  tb'» 
two  first  pairs  of  legs.  The  last  pair  in  their  turn  are  sim])ly  coverri 
by  the  hind  wings  and  are  but  slightly  displaced.  This  new  p<>sitiv3 
of  the  legs  is  that  of  the  imago :  the  knee  of  the  1st  pair  is  situaU^i 
in  front  of  the  tarsus;  that  of  the  2d  a  little  outward;  that  'f 
the  3(1  pair  is  directed  backward.     (Gonin.) 

The  antennae.  —  These  ai)pendages  also  have  the  same  relation  ^^itfc 
tliose  of  the  caterpillar  as  in  the  case  of  the  legs,  the  larval  api^ti'i- 
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ages  being  only  the  point  of  departure  of  the  im^iDal  growth. 

Weisraann  has  observed  in  Corethra  how  at  the  approach  of  each 

inouH  an  invagination  like  the  finger  of  a  glove  allows  the  antenna 

to  elongate  from  ita  base.    The  process,  says  Gonin,  is  identical  in 

the  caterpillar  of  Pieris.     At  the  last 

moult  the  invagination  is  so  pronounced 

that  it  is  not  effaced  with  the  renewal 

of  the  ehitinous  integument.     Several 

days  later  it  again  begins  to  grow  larger. 

As    the   imaginal   bud   gradually  sinks 

into  the  cavity  of  the  head,  it  presses 

back  the    hypodermic   wall    and   thus 

forms  an  envelope  around  it.     Its  base, 

widely  opened,  gives  admission  to  the 

nerves,  besides  capillaries  and  sometimes    p^,''g^8'iur>ifiM^f!i"i^«idii»nii^ 

a  large  trachea.  ?■  "'■  "■!■"*?;  ""?  ""  '""1'  "?  "'^ '.'!.'" 

°  ft»,  iDd   th«   >[iiui)aB  Inck    of  tlM 

As  soon  as  it  reaches  the  posterior    irKbwi  bontiie*:  ti  r  prothoncfii 

t     *u        >.       1      ..I.  t  Mlgit,.;  p.  ;...nd.<.f  IheW. 

region    of    the    head,  the    antenna  m 

lengthening  becomes  folded  and  describes  the  great  curves  which 
le<l  K6aumur  to  compare  it  to  a  ram's  horn  (Fig.  61.3).  The  leaf  of 
the  envelope  thickens  in  the  interior  and  all  around  the  base  of  the 
organ.  Its  ultimate  role  is  closely  like  that  of  the  two  other  hypo- 
dermic formations.     It  is  at  the  outset  this  layer  of  cells  wliich  in 


K.nnteuns.  ci.eye;  (,  tuiiRiie,  — Tbis  nnd  >'lg>.IHi-^ai].aner  OdiiLd. 

the  larva  supjiorts  the  ocelli.  This  layer,  hidden  on  each  side  under 
the  parietal  region,  thickens  and  regenerates,  forming  a  circular  pad 
which  l>ecome9  more  in-omiiieut  and  linally  assumes  the  forui  of  the 
compound  eye  of  the  imago. 

Finally,  this  layer  gives  rise  to  a  conical  prolongation  (Fig.  C12,  c), 
which  after  exuviation  apjvears  as  a  tuft  of  long  liaii-a,  and  is  called 
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by  Gonin  the  crest  (cimier,  Fig.  612),   which   is  characteristic  o£ 
the  pup»  of  Pieridee.     It  is  only   differentiated  towards  the  end 
of  the  4th  larval  stage  in  a  median  depression  of  the  vertex.     It  is 
an    im^nal  bud    in   tbe 
^                    /  most  general  sense  of  tbe 

word. 
^                                               j^  On  each  side  the  base  of 

t fi       the  antenna  comes  in  con- 

tact with  the  germ  of  the 

»A.- crest.     The  envelopes  ap- 

^,..«        proach  each  other,  and  their 
"^  thickened  part  eonstitutra 

with  the  ocular  disks  a  new 
cephalic  wall.   The  head  of 
.kin*"«mtmi7u^'S^"n;;io™t™  w^''„''£1vo"L^^^   tl>«  butterfly  thus  marked 
(^K^leKl^ey'rrv'rite^V^nd^^^^^  »*  IS  triangular;    all  tbe 

fllnM'iVil'fiSi'oflhfiS'SiS.'""''""'"'''''''^'"^^^^  1*''^*'  ?"*«  remaining  out 
of  this  area  then  disappear. 
The  muscles  and  the  nerves  are  resorhed  by  histolysis,  then  tbe 
external  part  of  the  iinaginal  envelopes  and  the  old  parietal  hypo- 
dermis,  reduced  very  thin  and  degenerated,  is  detached  in  shrpds. 
The  antenna  becomes  external  throughout  its  whole  extent.  The 
transformation  is  in  this  case,  then,  almost  as  complete  as  in  the 
thorax  of  Diptera  or  Hymenoptera.  It  is  necessitated  by  the  change 
of  fonn  and  of  volume  of  the  head.  The  region  of  the  ocelH  per 
sists  unchanged  almost  alone  from  the  larva  to  the  iuia^  also.  The 
limit  is  not  well  marked  between  the  portion  which  is  the  replace- 
ment or  direct  renovation  of  the  epithelium. 

Maxilla  and  labial  palpi, — The  development  of  the  tongue  (b> 
maxillae)  is  so  like  that  of  the  antenna  that  it  scarcely  needs  descrip- 
tion. Beginning  at  the  last  monlt,  the  hypodermic  contents  of  the 
maxillae  is  withdrawn  in  the  cephalic  cavity  tinder  the  form  of » 
hollow  bud  whose  base  is  turned  inward.  The  invagination  renwins 
less  distinct  than  in  the  anteunse;  it  does  not  even  reach  to  the 
anterior  part  of  the  nisophagus.  The  two  symmetrical  halves  of  the 
tongue  approach  each  other  and  are  thrice  folded.  When  the  oute^ 
pillar  stops  feeding,  they  each  curve  in  in  the  form  of  an  S,  rem»iI^ 
ing  lodged  under  the  floor  of  the  mouth  (Fig.  613,  (). 

Underneath  are  to  be  seen  two  other  buds,  which  by  an  identicil 
process  become  the  labial  palpi  (Figs.  614,  615,  j»). 

At  the  anterior  part  of  the  head,  where  the  organs  are  very  close 
together,  the  envelopes  form  several  folds  without  any  further  use 
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(Fig.  615,  )■).     The  two  leaves  tlien  fuse  together  and  decay  as  at 
the  surface  of  the  tarsus. 

Finally,  in  the  mandibles  and  the  labrum,  there  is  only  a  cellular 
thickening  without  any  invagination. 


PLflrU  larvA.  four  dftya  after  tha 


Proceas  of  pupation. — Notwithstanding  the  great  number  of  per- 
sona who  have  reared  Lepidoptera,  close  and  patient  observations  as 
to  the  exact  details  are  still  needed.  Gonin,  who  has  made  the 
closest  observations  on  Pieris,  pertinently  asks  why  the  ajitenuic, 


Iti*  oM  hypi 


Flo.  «1B.  —  Station  Ihrouirh  tfae  utne  ptiri 
(Rw  Ipil^t  u  In  FlK^OU."- This  and  f'h"' 

which  are  appendages  of  the  head,  are  visible  in  the  abdominal 
region,  and  why  the  tongiie  {niaxilUe)  is  extended  between  the  legs 
as  far  as  the  3d  abdominal  segment.  To  answer  these  questions  he 
made  a  series  of  experiments.      Selecting  some  caterpillars  which 
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were  about  to  pupate,  he  produced  an  artificial  metamorphosis  by 
removing  the  cuticula  in  small  bits.  Exposing  the  appendages  in 
this  way,  they  preserved  the  position  which  they  are  seen  to  take 
during  growth.  Each  wing  appeared  within  the  limits  of  the  seg- 
ment from  which  it  grew  out  (Fig.  610),  not  extending  beyond, 
as  it  does  in  the  normal  pupa,  so  that  Reaumur  was  wrong  in  saying 
that  "  the  wings  are  here  gathered  on  each  side  into  a  kind  of  band, 
which  is  large  enough  to  lie  in  the  cavity  which  is  between  the  1st 
and  2d  segment."    (8'  M^m.,  p.  359.) 

All  these  parts  are  coated  with  a  viscous  fluid  secreted  by  special 
glands,  which  hardens  after  pupation  upon  exposure  to  the  air.  So 
long  as  the  parts  are  soft,  they  can  easily  be  displaced.  Gonin  drew 
one  of  the  antennae  like  a  collar  around  the  head,  and  one  half  of 
the  tongue  upon  the  outer  side  of  the  wing. 

"  When  pupation  is  normal,  the  integument  splits  open  on  the  back 
of  the  thorax,  and  the  pupa  draws  itself  from  before  backward! 
Owing  to  the  feeble  adherence  which  the  chitinous  secretion  gives  it, 
it  draws  along  with  it  the  underlying  organs.  The  legs,  antennae, 
the  two  halves  of  the  tongue  (maxillae)  retained  by  their  end,  each 
in  a  small  chitinous  case,  can  only  disengage  themselves  from  it 
when  in  elongating  they  have  acquired  a  sufficient  tension.  The 
curves  straighten  out  and  the  folds  unbend.  The  chitinous  mask  of 
the  head  in  withdrawing  from  the  larval  skin  follows  the  ventral 
line;  the  tongue  and  labial  palpi  free  themselves  from  its  nietlian 
part;  the  antenna*,  disengage  themselves  from  the  two  lateral  scales. 
Between  these  different  appendages  a  space  is  left  on  the  surfat*e  of 
tiie  head  for  the  eyes,  and  on  the  thorax  for  the  legs.  These  are 
not  completely  extended  on  account  of  the  lack  of  freedom  of  the 
femoro-tibial  articulation;  the  femur  preserves  its  direction  fr«na 
behind  forwards,  and  the  knee  in  the  tw^o  first  pairs  remains  at  thf 
same  height.  The  wings  overlie  them  and  cover  the  under  side  <»f 
the  two  basal  abdominal  segments ;  their  surfaces  in  becomiD^ 
united  increase  much  in  size." 

As  the  chitinous  frame  of  each  spiracle  gradually  detaches  itselt 
we  see  a  tuft  of  tracheae  passing  out  of  the  orifice.  It  is  at  thi;? 
moment  that  the  provisional  tracheal  system  is  cast  off,  and  it  i* 
easy  to  see  that  the  process  is  facilitated  by  the  simultaneous  elon- 
gation of  all  the  ai)pendages.  The  permanent  tracheae  can  foli«>* 
this  elongation  because  they  are  sinuous,  and  need  only  to  straighten 
their  curves.  It  is,  however,  not  the  same  with  the  tracheoies.  as 
we  have  seen  in  the  case  of  the  wings  (p.  133),  and  their  extension 
or  stretching  is  thus  explained  by  a  very  simple  mechanism. 
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**The  position  which  the  organs  assume  in  the  chrysalis  is  not  due  to  chance, 
everything  is  determined  in  advance,  and  the  microscope  shows  us  that  the 
structure  of  the  bypodermis  is  specially  modified  in  all  the  parts  which  remain 
external.  It  is  a  fact  well  known  to  those  who  rear  Lepidoptera  that  if  this 
normal  arrangement  is  disturbed  there  are  few  chances  that  the  perfect  insect 
will  survive.  A  leg  lifted  up,  or  an  antenna  displaced,  leaves  a  surface  illy  pro- 
tected against  external  influences.  Almost  always  this  accident  causes  a  drying 
of  the  chrysalis. 

*'  Several  interesting  experiments  may  be  cited  as  bearing  on  this  subject. 
If  during  transformation  the  chitinous  mask  of  the  head  is  separated  from  the 
integument  beneath,  it  is  arrested  half-way  in  its  development,  and  the  antennae 
and  tongue  are  not  fully  extended.  When  the  case  or  skin  of  the  caterpillar  is 
drawn,  not  from  before  backward,  but  in  the  opposite  direction,  all  the  append- 
ages of  the  thorax  are  placed  perpendicularly  to  the  body.  Dewitz  and  Kunckel 
d*  Herculais,  in  stating  that  the  skin  of  the  caterpillar  splits  open  along  its  whole 
length,  show  that  they  were  ignorant  of  the  mechanism ;  for  it  is  precisely  be- 
cause the  chitinous  larval  skin  splits  open  only  in  front  that  it  preserves  suffi- 
cient adherence  to  the  organs  beneath  to  draw  them  after  it  in  the  direction  of 
the  abdomen. 

**  To  only  read  modern  authors,  one  would  suppose  that  the  mechanism  of 
pupation  had  remained  hitherto  unknown.  In  reality,  it  did  not  escape  the 
notice  of  Swammerdam  or  of  Reaumur,  both  of  whom  have  described  it  with 
care.  The  first  attached  too  much  importance  to  the  flow  of  blood,  the  action 
of  which  would  be  rather  to  push  the  organs  out  than  to  extend  them  over  the 
surface  of  the  thorax  ;  the  second  insists  on  the  movements  of  the  insect.  This 
factor,  very  admissible  in  caterpillars,  *•  whose  under  side  is  situated  on  a 
horizontal  plane'  (iii,  0*  M^moire,  p.  396),  cannot  be  invoked  for  those  which 
suspend  themselves  by  the  tail,  as  in  the  genus  Vanessa."     (Gonin.) 


b.  The  Hymenoptera 

In  the  Hymenoptera,  Katzeburg  was  the  first  to  figure  and  describe 
the  ninuerous  intermediate  stages  between  the  larva  and  pupa,  his 
subjects  being  the  ants,  Cynips,  and  Cryptus,  which  pass  through 
five  stadia  before  assuming  the  final  pupal  shape. 

In  the  bees,  as  we  have  observed  in  the  larvae  of  Bombus  (Proc. 
Eost.  Soc.  Nat.  Hist,  1860),  after  hardening  a  series  in  alcohol  of 
young  in  different  stages  of  development,  it  will  be  found  difficult  to 
draw  the  line  between  the  different  stages  since  they  shade  insensibly 
into  each  other,  those  represented  in  Fig.  616  being  selected  stages. 
The  head  of  the  incipient  semipupa  distends  the  prothoracic  seg- 
ment of  the  larva  whose  head  is  pushed  forward  and  the  thoracic 
segments  are  much  elongated,  while  the  appendages  and  wings  are 
well  developed,  and  have  assumed  the  shape  of  those  of  the  pupa. 
Development  both  in  the  head  and  thorax  begins  in  the  most  im- 
portant central  parts,  and  proceeds  outwards  to  the  periphery. 
During  this  period  the  "median  segment,"  or  1st  abdominal,  has 
begun  to  pass  forward  and  to  form  a  part  of  the  thorax. 
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In  what  may  be  termed  the  3d  stage  (Fig.  616,  C),  though  the 
distiiietioii  is  a  very  arbitrary  one,  the  change  is  accom|Hiiiied  by  a 
moulting  of  the  skin,  and  a  great  advance  has  been  made  towards 
assuming  the  pupal  form.  The  abdomen  is  very  distinctly  separated 
from  the  thorax,  the  propodeum  being  closely  united  with  the  thorax, 
and  the  head  and  thorax  taken  together  are  nearly  as  large  as  the 
abdomen,  the  latter  now  being  short«r  and  perceptibly  changed  in 


!'[*>■  «l«—Tr»niirnrn»llon  of  the  hiimN«bw,Bnnibo«,i>liowliiir  the  (wiisfrr  of  lhBl««M«ol»ll 
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form,  more  like  that  of  the  completed  pupa,  while  there  are  other 
most  important  changes  in  the  elaboration  of  the  [lai-ts  of  the  thorax, 
particularly  the  tergites,  and  of  the  head  and  its  appendages.  Mean- 
while the  ovipositor  has  been  completed  and  nearly  withdrawn 
within  the  end  of  the  alxiomen. 

The  next  to  study  the  transformations  of  the  Hymenoptera  was 
Gaiiin,  who  discovered  the  early  remarkable  pre-enicifovm  larvge,  as 
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■we  may  tall  them,  of  certain  egg-parasites  (Proctotrypidfe).  He 
discovered  the  imaginal  buds  of  the  winga  in  the  third  larva  of 
Polynema  (Fig.  185),  but  his  observations,  and  those  of  Ayers,  need 
not  detain  us  here,  as  they  have  little  to  do  with  the  sabject  of  the 
normal  metamorphosis  of  the  Hymenoptera,  and  will  be  discussed 
under  the  subject  of  Hypermetamorphosis. 

To  Hugnion  we  owe  the  first  detailed  account  of  the  internal 
changes  in  the  Hymenoptera,  his  observations  being  made  on  a 
chalcid  parasite,  Encifrtus  fuscicoUis,  a  parasite  of  Hyponomenta. 
The  apodous  larva  {Fig.  618)  moults  but  once,  the  next  ecdysis 
being  at  the  time  of  pupation.     It  passes  through  a  semipupal  stage. 

Bugnion  observed  in  the  larva  of  Encyrtus  three  pairs  of  lower 
thoracic  or  pedal  imaginal  buds,  two  pairs  of  upper  or  alary  buds,  a 
pair  of  ocular  or  oeulo^;ephalie  buds 
destined  to  build  up  all  the  posterior 
part  of  the  head,  a  pair  of  antennal 
buds,  and  three  pairs  of  buds  of  the 

genital  armature  (ovipositor).    He  also  ' 

detected  the  rudiments  of  the  buccal 
append^es  under  the  form  of  six  small 
buds  (Fig.  619),  which  do  not  invagi- 
nate,  and  are  not  surrounded  by  a 
semicireular  pad.  Also  in  the  ab-  ■ 
domen,  behind  each  pair  of  stigmata, 
there  is  a  group  of  hypodermic  cells 

(Fig.  617),  which,  without   doubt,   cor-    ,„nS£^n'L7l^<rf'S,?'Kjln7m,!,;«n.h*; 

respond  to  the  wing-buds,  but  are  not  Jl.Si';  w.'hud  at  lon.'^'bud  "r  wndt 

differentiated  into  a  central   bud  and       "*' 

its  pad,  and  does  not  merit  the  name  of  Imaginal  bud.     In  fact, 

except  the  eye-buds,  which  are  unlike  the  others,  he  only  observed 

the  imaginal  buds  of  the  legs,  wings,  and  ovipositor.     The  antennal 

buds  are,  like  those  of  the  buccal  appendages,  without  an  annular 

zone. 

The  pedal  buds  were  detected  in  the  middle  of  larval  life.  They 
each  form  a  central  bud  surrounded  by  a  circular  thickening.  They 
gradually  elongate  and  become  tongue-like  and  somewhat  bent;  soon 
a  linear  opening  or  slit  appears,  forming  the  mouth  of  a  cavity 
which  communicates  with  that  of  the  bo<ly,  allowing  the  passage 
into  them  of  the  trachea",  muscles,  and  nerves,  and  afterwards  of  the 
blood.  Finally,  the  buds  grow  longer  and  slenderer,  are  l)ent  several 
times,  and  show  traces  of  the  articulations;  and  soon  under  the 
old  larval  skin,  now  beginning  to  rise  in  anticipation  of  the  moulting, 
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we  see  tlie  coxa,  femur,  tibia,  and  tarsus  of  tlie  perfect  insect,  th« 
tarsal  joints  not  yet  bPing  indicated. 

The  wing-buds  (n',  n')  appear  at  the  same  time  as  those  of  ttie 
legs,  as  racket-shaped  masses  of  small  cells  situated  directly  behiad 


'l  otS 
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the  1st  and  2d  pair  of  stigmata,  in  contact  with  the  tissue  ensheath*J 
hy  the  corresponding  tracheal  vesicle  (Fig.  618).  Afterwards  thev 
have  exactly  the  form  of  those  of  the  Lepidoptera  (Fig.  619)- 

The  proliferation  of  the  hypodermis  is  not  limited  to  the  ihorai. 
but  takes  place  at  corresponding  points  in  the  first  seven  abdoininil 
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segments.  These  abdominal  agglomerations  of  cells  do  not  give 
rise  to  true  buds,  but  serve  simply  to  reconstitute  the  hypodermis 
of  the  abdominal  segments  at  the  time  of  metamorphosis. 

Ocular  or  oculo-cephalic  buds.  —  The  eye  of  insects,  as  is  well  known, 
is  a  modification  of  a  portion  of  the  integument,  the  visual  cells 
being  directly  derived  from  the  hypodermis,  the  cornea  being  a 
cuticular  product  of  this  last,  like  chitinous  formations  in  general. 

The  ocular  buds  appear  towards  the  end  of  larval  life  as  a  simple 
mass  of  hypodermic  cells,  and  form  a  compact  layer  on  the  dorso- 
lateral face  of  the  pro  thoracic  segment,  and  clothe  the  cephalic 
ganglion  or  brain  like  a  skull-cap.  The  central  portion  only  is 
destined  to  form  the  eye,  while  the  peripheral  pad,  continuing  to 
thicken,  gives  rise  to  a  voluminous  and  rounded  mass,  which  meets 
on  the  median  line  that  of  the  opposite  side,  and  forms  the  integu- 
ment of  all  the  posterior  part  of  the  head. 

Bugnion  also  observed  on  the  median  line  a  group  of  small  hypo- 
dermic cells  which  he  regarded  as  the  rudiment  of  the  anterior 
ocellus,  but  he  did  not  detect  those  of  the  posterior  ocelli. 

The  antennal  buds.  —  These  appear  at  an  early  date  under  the 
cuticle  of  the  head,  as  two  distinct  rounded  cellular  masses,  with  a 
central  cavity,  but  no  annular  zone  (Fig.  619,  /).  Each  one  grows 
longer  in  a  transverse  sense,  and  its  summit,  extended  from  the  outer 
side,  curves  downward.  It  now  forms  a  hollow  tube  folded  at  the 
end,  and  terminated  by  a  disk  whose  centre  is  perforated  (Fig.  619,/). 
Afterwards,  when  the  larva  is  ready  to  transform,  it  grows  longer, 
becomes  folded  on  itself  in  its  cavity,  and,  passing  beyond  on  each 
side  the  limits  of  the  larval  head,  encroaches  on  the  prothoracic 
segment. 

The  buds  of  the  buccal  appendages.  —  Towards  the  end  of  the  larval 
period,  the  buds,  of  the  mouth-parts  appeal*  as  small  digitiform  pro- 
jections, situated  on  each  side  and  below  the  mouth.  Formed  of 
small  epithelial  cells  pressed  against  each  other,  they  are  all  directed 
anteriorly,  and  possess  no  furrow  or  pad. 

The  2d  maxillae  (labium)  is  formed  of  two  separate  parts.  The 
imaginal  buds  of  the  lower  lip  appear  on  each  side  of  the  median 
line,  with  a  fissure  indicating  the  differentiation  of  the  palpus.  On 
each  side  are  to  be  seen  the  1st  maxillary  buds,  bearing  each  a  rudi- 
mentary palpus,  and,  farther  in  front,  the  buds  of  the  mandibles. 

The  buds  of  the  ovipositor.  —  The  six  stylets  of  the  ovipositor 
arise  from  six  small  imaginal  buds  which  become  visible  in  the 
second  half  of  the  larval  period,  on  each  side  of  the  median  line, 
on  the  lower  face  of  the  three  last  segments  (Fig.  620,  g^  ^*,  g^). 
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The  bud  is  differentiated  into  a  central  discoidal  bud,  a  furrow,  and 
a  marginal,  rather  thick  swelling  or  pad.     Afterwards,  these  buds 

elongate  and  fonn 
small  papilliform  pro- 
jections directed  back- 
wards (Fig.  621) ;  but 
only  during  the  pupal 
period  do  they,  as 
already  observed  in 
Bombus,  approach  each 
other  and  assume  their 
definite  shape  as  an 
ovipositor. 

Finally,  Bugnion 
states  that  while  meta- 
morphosis in  the  Hy- 
menoptera  is  less  highly 
modified  than  in  the 
Muscidae,  it  is  more 
marked  than  in  the 
Coleoptera  and  Lepid- 
optera.  In  these  orders 
the  pupa  moves  the 
abdomen,  but  in  Hy- 
menoptera  it  is  abso- 
lutely immovable 
throughout  pupal  life, 
iwo  long  as  the  integu- 
ment is  soft. 


Fia.  620.  —  End  of  larva  of  Encvrtus  of  2d  stage,  showing 
the  three  pairs  of  Imaginal  buds  of  the  ovipositor  gi,  ^,  <^. 


\ 


Fio.  tf'il.  ^The  same  in  an  older  lar^'a  ready  to  transform : 
i,  intestine ;  0,  genital  gland  ;  a,  anus.  —  After  Bugnion. 


DEVELOPMENT  OF  THE  IMAGO  IN  THE   DIPTERA 

The  flies,  particularly  the  Muscidae  and  their  allies  (BrachyceraV 
are  the  most  highly  modified  of  insects,  their  larvae  having  under- 
i  gone  the  greatest  amount  of  reduction  and  loss  of  limbs,  this 
atrophy  involving  even  most  of  the  head.  The  following  account 
tas  been  prepared  in  part  from  the  works  of  Weismann,  Ganio. 
Miall,  and  Pratt,  but  mostly  from  the  excellent  general  summarized 
accoimt  given  by  Korschelt  and  Heider. 

In  the  holometabolic  orders  of  insects,  with  their  resting  puj*! 
stage,  during  which  no  food  is  taken,  the  entire  activity  of  W* 
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seems  to  be  turned  to  deep-seated  and  complicated  internal  develop- 
mental processes.  These  iimer  changes  involve  an  almost  complete 
destruction  of  many  organs  of  the  larva,  and  their  renewal  from 
^  certain  germs  (the  imaginal  buds)  already  present  in  the  larva,  as 
will  be  seen  in  the  highly  modified  Muscidae.  Only  a  few  larval 
organs  become  directly  transferred  into  the  body  of  the  pupa  and 
imago.  Such  are  the  rudiments  of  the  genital  system.  The  heart 
also,  and  the  central  portion  of  the  nervous  system,  suffer  only 
slight  and  unimportant,  almost  trivial,  internal  changes.  On  the 
other  hand,  most  of  the  other  organs  of  the  larva  become  com- 
pletely destroyed :  the  hypodermis,  most  of  the  muscles,  the  entire 
digestive  canal  with  the  salivary  glands ;  while  their  cells,  under  the 
influence  of  the  blood  corpuscles  (leucocytes),  which  here  act  as 
phagocytes,  fall  into  pieces,  which  are  taken  up  by  them  and  become 
digested.  Simultaneously  with  this  destructive,  histolytic  process, 
the  new  formation  of  the  organs  by  the  imaginal  buds,  already 
indicated  in  the  embryo,  is  accomplished  in  such  a  way  that  the 
continuity  of  the  organs  in  most  cases  remains  unimpaired.  This 
process  of  transformation  can  only  be  understood  by  considering 
that  of  the  embryonal  germs  of  the  organs,  (1)  only  a  part  is  des- 
tined for  the  use  of  the  larva  in  growth,  and  for  the  performance  of 
certain  functions  which  exhaust  themselves  during  larval  life,  so 
that  it  is  no  more  capable  of  farther  transformation,  and  finally 
becomes  destroyed ;  while  (2)  a  second  part  of  the  embryonal  germs 
or  rudiments  persists  first  in  an  undeveloped  condition,  as  imaginal 
buds,  in  order  to  undertake  during  the  pupa  stage  the  regeneration 
of  the  organs. 

Though  Swammerdam  knew  that  the  rudiments  of  the  wings  were  already 
present  under  the  skin  of  tlie  larvae,  we  are  indebted,  for  our  present  knowledge, 
to  the  thorough  and  profound  investigations  of  Weisraann  on  the  metamoi*phosis 
of  the  Diptera,  and  also  to  the  researches  of  Ganin  and  others  who  have  worked 
on  the  pupae  of  Muscidae,  in  which  the  development  is  roost  complicated  and 
modified.  In  the  more  generalized  and  primitive  Diptera,  such  as  Corethra,  the 
processes  of  formation  of  the  pupa  and  imago  are  much  simpler  than  in  the 
muscids  and  Pupipara.  These  processes  are  still  simpler  in  the  Lepidoptera  and 
Hymenoptera,  and  for  this  reason  we  have  given  a  summary  of  what  has  been 
done  on  these  organs  by  Newport,  Dewitz,  and  especially  by  Bugnion. 

Our  knowledge  of  this  subject  is  still  very  imperfect,  only  the  more  salient 
points  having  been  worked  out,  and,  as  Korschelt  and  Heider  state,  there  is  still 
lacking  certain  proof  as  to  how  far  the  relations  of  the  internal  changes  knowu 
to  exist  in  the  Muscidfe  also  apply  to  other  orders  of  insects,  though  it  must  be 
considered  that  in  the  pupa  of  Lepidoptera,  Hymenoptera,  perhaps  also  the 
Coleoptera,  and  we  would  add  in  the  Neuroptera  as  well  as  the  male  Coccidae, 
very  similar  metamorphic  processes  take  place. 
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a.  D«v«lopi)iant  of  tb«  outer  body-loim 

The  forra  of  the  imago  is  completely  marked  out  in  the  pupa,  so 
that  the  transition  from  the  pupa  to  the  imago  is  comparatively 
slight  and  only  depends  on  the  modification  and  development  of  the 
parts  already  present. 

In  most  cases  the  modification  in  question  consists  of  the  changes 

occurring  during  the  passage  fi-om  the  larval  form  to  the  imago,  the 

reformation  of  parts  already  present  being  most  marked,  wliile  the 

new  rudiments  only  participate  in  a  limited  way  in   the   j>ro"ess. 

Thiis,  for  example,  the  head  of  the  caterpillar  together  with  the 

antennie  and  mouth-parts,  also  the  thoracic  limbs,  pass  direttly  and 

unchanged  from  the  larva  into  the  pupa.     The  compound  eyes  and 

-         ...  the  wings  are,  liowevtr. 

new      formations,      the 

latt«r  arising  from    im- 

agiiial  buds.     The  saJiie 

is  the  case  with    oianr 

•i  other      HeterometaWla. 

where  the  passage  of  the 

larva  into   the  pupa  in 

Firi  ftK.— Anii-riur  part  ut  youne  iirvi  of  nimiiUum    general  IS  due  to  a  trans- 

b'<.'ii'(o'ii*^Z'"n«''emt'i^lei^J?'»-.  formation   of    parts   al- 

n/,  Mltvury  diKt ;  /.,  [iroilinncle  fiot— After  Wri.roinn.  i^^-iuj      p  resell  I.         i  ne 

changes  in  the  brain, 
the  fusion  of  certain  ganglia  of  the  ventral  nervous  cord,  the 
changes  in  the  abdomen,  involving  the  reduction  in  the  number  of 
segments  and  the  remotlelling  of  the  end  of  the  body,  and  the  f.ir- 
mation  of  the  ovipositor  or  sting,  and  in  the  higher  Hymenoptera 
the  transfer  of  the  Ist  abdominal  segment  to  the  thorax,  and  the 
origin  of  the  genital  armature,  —  all  these  should  here  be  taken 
into  at' count. 

It  should  be  observed  that  m  every  case  where  the  larvae  are  f'xrt- 
lesi,  IS  m  Dipteri,  ill  the  Hymenoptera  except  the  phytophagous 
ones  and  tertam  (oteopteious  larvw,  the  limbs  of  the  imago  stage 
lie,  in  the  eailiest  stiges,  nidicated  as  new  structures  in  the  form  of 
imagiuil  buds 

Formation  of  tbe  Imago  in  Corethra.  —  4'orethra  may  serve  a=: 
an  example  of  siith  a  rclitively  simple  metamorphosis.  Its  larvi 
belongs  to  the  group  of  eucophalous  dipterous  larvae.  The  head  ••{ 
the  ptifett  lu&ect  is  alreailj  indicated  in  the  larva,  and  its  i>art-. 
with  certain  modifications,  pass  directly  into  the  pupa.     The  cm- 
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pound  eyes,  and  this  is  a  rare  exception  among  the  Holometabola, 
are  present  in  the  larva.     On  the  other  hand,  the  thoracic  legs,  the 
wings,  and  halt«res  are  developed  out  of  new  rudiments  which  are 
present  in  the  last  larval  stage,  before 
pupation.     Each  thoracic  segment  has 
four    of   them,   two   ventral   and  two 
dorsal    (Fig.    622);    the  ventral  buds 
becoming   the   legs.      Of    the  dorsal 
pairs,  that  of  the  mesothorax  develops 
into   wings,  that  of   the   uetathorax    * 
into  halteres,  while   from    the   corre- 
sponding rudiments  of  the  prothoi-ax 
in  Oorethra   arise  the  stigma- bearing 
dorsal  or  respiratory  processes  of  the 
pupa,    and    in    Simulium   a  tuft   of 
tracheal  gills  (Fig.  623,  ra  ;  see  also 
Fig.  582). 

These    imaginal    buds    may    be    re-  ^^ 

garded  as  evaginations  of   the   outer  fio.  aw.  — uw  tarv«  oi  simiiiiniti| 

surface  of  the  body.     The  only  differ-     SiXiureB  wuhln  ttokrv^  .kj* . 

IT.    ^   ..1        1      1         J*   i.i_  1         ''.  lurt,  [rildille,  nnd  hind  \vE^  '»f  1 -    , 

ence  is  that  the  bads  of  the  append-     m,  mapiraior^  nmHniiaiR'j  of  iium; 

ages  as  a  whole  seem  sunken  below     j5'i»ii."*°    j.   ,  »ierg    }.—     «■ 

the  level  of  the  surface  of  the  body, 

being  situated  at  the  bottom  of  an  evagination,  as  in  the  buds  of 

the  head  and  trunk  in  the  Pilidimn  larva  of  nemertean  worms,  and 
in  the  rudiments  of  the  lower  surface  of 
the  body  of  Echinus  j)i-esent  in  the  pluteus 
larva. 

The  lumen  of  the  invagination  in  which 
the  appendages  of  Corethra  (and  other  Holo- 
metabola) are  situated  is  called  by  Van 
Rees  the  perijKKJal  curiti/,  and  the  external 
sheath  b      e     g       i^h  na  n 

tinuoTis         h    h       y  f  dy 

,  the  pen  b  a       1*  j,  0  iO 

mnd  ifl'i^'liic  bn^  We   II  Sit   p  w  d 

lK,'""di°"'l'*S'iri*'Ti^"d  "'^  "'''*     as  fi        b  firs 

l«r»'rM"»rtw:  »,cwtii<nis'rn-   (iivided  W  d         od  p  m    ns, 

Wmiinunl  of  the  larrB.  — After    wJjEch   adedro  podpgrt 

*""'                                      layers  o  h  a      T            d  d 

iLieiits  of  tile   npijeudagcB  is  cnntin  w         he   p     poda    n  bra        a  d 

tlinmgli  it  witli  the  hyp(Kiertiiis.     Wo  n  ns           ei  na 

(tracheic,  miiBCles,  etc.)  ifevi'loping  w  th                   Ui     ppe  m  a 
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hypertrophy  of  the  neurilemma  of  a  nerve  passing  down  from  within  into 
the  imaginal  bud,  and  held  that  nerves  and  traclieal  branches  soon  after  passed 
into  the  inner  surface  of  the  imaginal  bud.    (Korschelt  and  Heider. )  | 


When  the  imaginal  buds  of  the  appendages  enlarge,  then  the 
peripodal  membranes  become  correspondingly  distended,  and  the 
limbs  within  assume  a  more  or  less  crumpled  position,  and  in  Core- 
thra  are  spirally  twisted,  while  the  rudiments  of  the  wings  are 
folded.  The  completion  of  the  rudimentary  limbs  is  accomplished 
simply  by  their  passing  out  of  the  invagination  in  which  they  origi- 
nated. The  limbs  thus  gradually  become  free,  the  peripodal  mem- 
brane is  seen  to  reach  the  level  of  the  rest  of  the  hypodermis  and 
become  a  part  of  it,  and  the  base  of  the  extremity  is  no  longer 
situated  in  a  cavity. 

The  internal  organs  of  Corethra  undergo  but  to  a  slight  degree 
the  destruction  (histolysis)  which  is  so  thoroughgoing  in  the  Muscidae. 
Kowalevsky  states  that  in  the  mid-intestine  of  Corethra  a  histolysis 
of  the  larval  and  reconstruction  of  the  imaginal  epithelium  goes  on 
in  the  same  way  as  has  been  described  in  Musca.  Most  of  the 
larval  organs  pass  without  histolytic  changes  directly  over  into  those 
of  the  pupal  and  imaginal  stages ;  the  muscles  in  general  are  also 
unchanged,  but  those  of  the  appendages  and  wings  are  made  over 
anew.  The  last  arise,  according  to  Weismann,  in  the  last  larval 
stage  from  strings  of  cells  which  are  already  present  in  the 
embryo. 

When  we  consider  how  insignificant  the  internal  transformations 
are  during  the  metamorphosis  of  the  Tipulidae,  of  which  Corethra 
serves  as  an  example,  we  can  scarcely  doubt  that  we  here  have 
before  us  conditions  which  illustrate  the  passage  between  an  incom- 
plete and  a  complete  metamorphosis.  Thus,  among  other  things, 
should  be  mentioned  the  short  duration  of  the  pupa  stage  and  the 
activity  of  the  pupa,  as  also  the  early  appearance  of  the  germs  of 
the  compound  eyes,  a  character  which  Corethra  has  in  common 
with  the  Hemimetabola.     (Korschelt  and  Heider.) 

Formation  of  the  imago  in  Culez.  —  In  respect  to  the  formation  of 
the  imaginal  head,  Culex  is  still  more  primitive  than  Corethra. 
Miall  and  Hammond  find  from  Hurst's  partly  unpublished  descrip- 
tions and  preparations  that  there  are  no  deep  invaginations  for  the 
compound  eyes  or  antennae  of  the  imago. 

'*  The  compound  eye  forms  beneath  the  larval  eye-spots,  and  is  at  first  rela- 
tively simple  and  composed  of  few  facets.  The  number  increases  by  the  cradual 
formation  of  partial  and  marginal  invaginations,  each  of  which  forms  a  new 
eleuient.     The  imaginal  antenna  grows  to  a  much  greater  length  than  that  of 
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the  larval  antenna,  and  its  base  is  accordingly  telescoped  into  the  head,  while 
the  shaft  becomes  irregularly  folded. ^  Culex,  though  more  modified  than 
Chironomus  in  many  respects,  e.g.  in  the  mouth-parts,  is  relatively  primitive 
with  respect  to  the  formation  of  the  imaginal  head,  and  shows  a  mode  of 
development  of  the  eye  and  antenna  which  we  may  suppose  to  have  character- 
ized a  remote  and  comparatively  unspecialized  progenitor  of  Chironomus." 

Formation  of  the  imago  in  Chironomus.  —  The  development  of  the 
head  of  the  imago  of  Chironomus  dorscUis  has  been  discussed  by 
Miall  and  Hammond.  The  invaginations  which  give  rise  to  the  head 
of  the  fly  could  not  be  discovered  even  in  a  rudimentary  state  until 
after  the  last  larval  moult. 

**  Weismann  has  given  reasons  for  supposing  that  invaginated  imaginal  rudi- 
ments could  not  come  into  existence  before  the  last  larval  moult  in  an  insect 
whose  life-history  resembles  that  of  Corethi-a  or  Chironomus.  If  the  epidermis 
were  invaginated  in  any  sti^e  before  the  ante-pupal  one,  the  new  cuticle, 
moulded  closely  upon  the  epidermis,  would  become  invaginated  also,  and  would 
appear  at  the  next  moult  with  projecting  appendages  like  those  of  a  pupa  or 
imago.  This  is  actually  the  way  in  which  the  wings  are  developed  in  some 
larval  insects  with  incomplete  metamorphosis.  In  Muscidae  the  invaginations 
for  the  head  of  the  imago  have  been  traced  back  to  the  embryo  within  the  egg,* 
but  the  almost  total  subsequent  separation  of  the  disks  from  the  epidermis 
renders  their  development  independent  of  the  growth  of  the  larval  cuticle  and  of 
the  moults  that  probably  take  place  therein." 

The  pupal  and  imaginal  cuticles  do  not  follow  at  all  closely  the 
larval  skin,  but,  says  Miall,  become  at  particular  places  folded  far 
into  the  interior.  "  The  folds  which  give  rise  to  the  head  of  the  fly 
are  two  in  number  and  paired.  They  begin  at  the  larval  antenna  on 
each  side  of  the  head,  and  gradually  extend  further  and  further 
backwards.  The  object  of  the  folds  is  to  provide  an  extended  sur- 
face which  can  be  moulded,  without  pressure  from  surrounding  ob- 
jects, into  the  form  of  the  future  head.  On  one  part  of  each  fold 
the  facets  of  the  large  compound  eyes  are  developed ;  another  part 
gives  rise  to  the  future  antenna,  a  large  and  elaborate  organ,  which 
springs  from  the  bottom  of  the  fold,  and  whose  tip  just  enters  the 
very  short  antenna  of  the  larva.  The  folds  for  the  head  ultimately 
become  so  large  that  the  larval  head  cannot  contain  them,  and  they 
extend  far  into  the  prothorax.  Here  a  difficulty  occurs.  If  the 
generating  cuticle  of  the  prothorax  were  also  to  be  folded  inwards, 
the  future  prothorax  would  take  a  corresponding  shape.  But  the 
prothorax  of  the  fly  has  a  form  dictated  to  it  by  the  limbs  which  it 
bears  and  by  the  muscles  to  which  it  gives  attachment.  These  call 
for  a  great  reduction  in  its  length,  and  a  peculiar  shape,  which  it  is 

1  C.  Herbert  Hurst,  The  Pupal  Stages  of  Culex. 

2  Lowne  on  the  Blow-fly,  new  edit.,  pp.  2,  41,  Fig.  7. 
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not  here  necessary  to  tlesciibe.  It  will  be  enough  to  realize  that 
the  epidermis  of  the  future  prothorax  cannot  be  sacrificed  to  the 
folds  which  are  to  give  rise  to  the  head  of  the  fly.  All  interference 
between  the  two  developing  structures  is  obviated  by  the  provision 
of  a  transverse  fold,  which  pushes  into  the  prothorax  from  the  neck, 
and  foniis  a  sort  of  internal  pocket.  The  floor  of  the  pocket  forms 
two  longitudinal  folds,  which  prolong  the  folds  originating  in  the 


Fn.  tSi.  —  Pniriru  nT  nmniiloB  nr  the  pirta  of  Uw  head  of  Uw  Ay  In  ihf  l>m  of  C'htrannniiii 
(mili^l :  A,  thr  nrir  «|iirl«nnli>  Ihniwn  Intn  conililtcItTil  Ibkll  which  hirs  bMn  cut  imy  In  pbcrs  w 
nhiiw  Ihi-  lATti  wilhln.  B.  thu  sunn  putt  In  faorljuintil  !Wctlon:  Jr.  lural  ratkle:  if.  mnavnw 
t"\A:  fr^'.  iiiincmlloftliexHne;  m.  cnttUn  uf  nnr  >|.1ilFrnils:  .fuf.  UrvaUnonnc 'in.  iirrve 

tu  tlw  Hiinr :  .inf.  ■nlenna  of  Hy  :  //.  lungH'idlnul  R'Ul :  «.  eyr  oT  li.v  :  <m.  oiiUc  n.-rrp;  an'.  r»>l  ■>! 

After  Sliill, 

larval  head.  The  roof  of  the  po<'ket  shrinks  up  and  forms  the 
connection  Ijetween  the  head  and  thorax  of  the  fly.  Ultimately 
the  head-part  is  drawn  out,  leaving  the  prothoracic  structures 
imafTeeted." ' 

The  development  of  the  head  of  the  fly  of  Chironomus  appears,  as 
Miall  and  Hammond  state,  to  be  intermediate  between  the  groups 
Adiscota  and  Uiscota  of  Weisnianii;    i.e.  "between  the  types  in 


c  Insects,  pp.  13C-13S.    Also  Trans.  Linn.  Sue. 
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which  the  parts  of  the  head  of  the  fly  are  developed  in  close  rela- 
tion to  those  of  the  larva,  and  the  types  in  which  deep  invaginations 
lead  apparently  to  the  formation  of  similar  new  parts  far  within 
the  body,  the  seeming  independence  of  the  new  parts  being  in- 
tensified by  thoroughgoing  histolysis,"  and  they  suggest  that  possi- 
bly types  may  be  discovered  intermediate  between  Chironomus  and 
Muscidae. 

We  are  now  prepared  to  consider  the  extremely  complicated 
changes  in  the  Muscidae,  leaving  out  of  consideration  the  origin  of 
the  wings  from  imaginal 
buds,  which  has  already 
been  discussed  on  pp. 
126-137. 

Formation  of  the  imago 
in  Muscidae.^  —  In  the 
flesh,  and  undoubtedly 
the  house,  and  allied  flies 
the  germs  or  imaginal 
buds  of  the  legs  and 
wings  arise  in  the  same 
way  as  in  Corethra.  But 
in  the  Muscidae,  the  buds 
are  situated  far  within  the 
interior  of  the  body,  the 
peripodal  cavities  appear 
closed,  and  the  peripodal 
membrane  stands  in  con- 
nection   with     the     hypo-  Fi«.  626.  — .4.  B,  r,  D,  diiMfroms  of  transverse  sections 

,  .  ,        -  showinp  the  development  of  the  winps,  legs,  and  the  iiiiajri- 

dermiS    merely    by   means     nal  hynodermls  of  m\\»cU\  Ules  from  the  imaginal  hu<\»  of  the 

J?  IT      i.      i.-i_ "       1  ^•^         larva  rtminjr  metamorphosis:   M,  ohitlnous  intepiiment  of 

01     a    delicate    tnreaCl-llKe     larva  fV-om  which  the  underlying  hypodermls  (M//)  has  with- 

i.    n  ml,'  4.'  drawn;   I'lW,  imai^inal  buds  of  wlhffs,  iir,  of  le^s ;  in,  the 

StalK.  IniS  connecting  cords  connecting  them  with  the  hypodermls ;  /T.  winjr- 
^^  A  ,.,!.: ^l.  «-««  4;«o4-  A^  germs  ;?;,  lep-^'erms ;  /A//,  Ima^rinal  hypodermls  spreadinj? 
cord,  Wmcn  was  nrst  de-  out  in /)  from  tlie  Imajrlnal  buds.  The  imnpinal  rudiments 
f ooforl  Kt'  T^owif -7  ant^  ?^ ^^^  hypodermls  are  Indicated  by  thick,  blaoli  outlines,  the 
tectea      ny       J^^eWllZ,      ana     lar^al  hypodermls  by  two  thin,  parallel  lines.  —  After  Lang. 

whose  interpretation  was 

entirely  right,  shows  in  its  interior,  as  Van  Rees  proved,  a  narrow 

cavity. 

Though  the  earliest  stages  in  the  development  of  imaginal  buds 
in  the  embryo  of  the  Muscidae  are  still  unknown,  yet  we  shall  not 
go  far  astray  if  we  refer  them,  like  the  imaginal  buds  of  Corethra, 
to  hypodermal  invaginations.     We  must,  then,  regard  the  stalk-like 

1  This  account  is  translated  from  Korschelt  and  Heider,  with  some  omissions  and 
slight  changes. 

2x 
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connection   just  mentioned  as  the  long  drawn-out  neck   of   tbts 
invagination. 

In  general,  the  development  of  the  appendages  (Figs.  626,  f>i:7i 
goes  on  as  described  in  Corethra.  The  rudiments  of  the  legs  enlarg* 
and  show  at  an  early  date  the  first  ti'aces  of  the  later  joints.  Thej- 
are  so  packed  in  the  peripodal  cavities  that  the  single  joints  of 
the  extremities  appear  as  if  pushed  in  "  like  the  joints  of  a  travelling 
cup."  (Van  liees.)  The  evE^ination  of  the  completely  formed  buiii 
of  the  limbs,  which  occui-s  on  the  first  day  after  the  beginning  of 
pupation,  goes  on  in  such  a  ivay  that  the  stalk  of  the  imaginal  bud 
(Figs.  626,  B;  627,  B)  shortens,  while  its  cavity  widens  so  that  the 


Fro.  m.  —  Inui^iul  biuls  of  miiidd  fllen  In  ■««»«  uT  ilerrhiiinient :  A.  brain  <rt  ud  mtnl 

fHl.  prudianch!  rudiineiit ;  n-i.  ihlrd  iiervc :  mrf,  mMvlhoncIc  nidlnirnt.    B.  mnuiihanrir  r<-t> 

UnnaiuuHl  «ild«uf'ihe  fonuluKl.'g.ilwcpntrtl  pMrn./irr|>revniliiir  ib»  fimt  ( ■,  thr  niJIrofntuT 
Iw  of  IhcuinsiiiorendTiinwl:  f,  temm;  t,  llbia:  /,./i.  urul  lolnu.  Z>.  lira  (»»l^  rrom  ilvn. 
Wmm,  lun|[,n(S»re«|>hncii.»lliichnl  l.jt™thBiB;  iw«<r.  riie»ohoIml»iiil  wlng-(!»nii;  w/.  lUTUli-ri"' 
niillinciit.  K,  r.  rnfmlhonielr  icrmi  of  ■  '  iddi.  luim  Imi  sllachcit  lo  >  tni:b«l  I'lf.  —  Ar^i 
Veluninn  ami  Unb«r.  trom  !>bBr[i. 

limbs  fijially,  as  in  Corethra,  pass  out  through  the  widely  openeJ 
mouth  of  the  peripodal  invagination,  which  at  the  saine  time  graJu- 
ally  completely  disappears.  The  peri])odal  membrane  is  couverteJ 
into  a  thickened  part  of  the  hypodermis  in  the  region  adjoining  the 
base  of  the  leg,  and  from  this  thickened  hypodermal  portion,  the 
formation  of  the  liyi>odermis  of  the  entire  imaginal  thorax  goes  pn. 
as  the  larval  hypodermis  is  gradually  destroyed. 

We  must  here  settle  the  question  hh  to  the  first  origin  of  the  roesodrnnti 
pnrtiDiiB  of  the  nulimenta  of  the  appendages.  We  can  already  dtetintmisb  a 
(he  imaginal  buds  of  the  fully  grown  muscid  larva  a  clear  separatinn  belnni 
HJi  ectodermal  and  an  inner  mesodermal  part.     Gonin  derived  tbe  meaodennil 
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part  through  a  sort  of  differentiation  and  separation  of  the  innermost  layer 
of  the  ectodermal  part,  and  Van  Rees  has,  in  general,  confirmed  this  view. 
Kowalevsky,  on  the  other  hand,  is  inclined  to  the  view  that  the  mesodermal 
part  of  the  imaginal  bud  is  derived  from  the  embryonal  cells  of  the  mesoderm. 
He  finds  scattered  throughout  the  mesoderm,  under  the  hypodermis  of  the  larva, 
BO-called  wandering  cells  (Fig.  632,  A,  w),  which  are  different  in  appearance 
from  the  leucocytes  and  from  the  elements  from  which  the  formation  of  the 
mesodermal  parts  of  the  imaginal  rudiments  proceed.  Kowalevsky  is  inclined 
to  believe  that  there  are  in  each  segment  rudiments  of  the  imaginal  mesoderm, 
but  which  are  so  delicate  and  indifferent  that  we  cannot  find  them  in  the  first 
stages  of  their  origin.  From  these  mesodermal  imaginal  rudiments  the  above- 
mentioned  wandering  cells  of  the  mesoderm  are  derived,  which  afterwards  come 
into  connection  with  the  ectodermal  portion  of  the  imaginal  buds. 

Still  more  complicated  and  difficult  to  understand  is  the  develop- 
ment of  the  head-section  of  muscids.  We  must  remember  that  in 
muscid  larvae  the  head-section  exists  in  its  most  rudimentary  form, 
being  the  result  of  extreme  modification  and  degeneration.  The 
small  size  of  the  head  is  also  due  to  the  fact  that  it  is  more  or 
less  retracted  within  the  thoracic  region.  Then,  as  shown  by  the 
researches  of  Weismann,  in  the  last  embryonal  stages,  the  forehead, 
mandibles,  and  the  whole  region  of  the  head  around  the  mouth 
invaginate  and  form  a  sunken  cavity  (Fig.  628,  7;),  in  which  the 
chitinous  supports  of  the  hooks  characteristic  of  muscid  larvae  are 
soon  developed.  This  sunken  part  of  the  head,  at  whose  inner  end 
is  the  oesophagus,  is  called  by  the  not  entirely  appropriate  name  of 
**  pharynx,"  and  it  must  at  present  be  remembered  that  the  hollow 
space  thus  named  is  not  a  part  of  the  digestive  canal.  It  is  an  in- 
vaginated  section  of  the  head,  and  the  formation  of  the  head  of  the 
imago  mainly  depends  on  the  evagination  of  this  region. 

The  first  rudiments  of  the  most  important  parts  of  the  head  (eyes, 
antennae,  and  forehead),  occur  in  the  youngest  larvae  as  paired  masses 
of  cells  which  lie  in  the  thorax  next  to  the  two  halves  of  the  brain 
(for  this  reason  called  by  Weismann  "brain-appendages"),  which 
are  from  their  first  origin  connected  with  the  pharynx,  and  may  be 
regarded  as  the  imaginal  buds  of  the  head.  These  appear  very 
soon  in  later  stages  in  the  shape  of  elongated  sacs  widening  at 
the  hinder  end  (Fig.  628,  A  and  B,  h),  which  from  their  origin  are 
to  be  regarded  as  evaginations  of  the  pharynx.  Very  soon  epithelial 
thickenings  appear  in  the  wall  of  this  sac-shaped  brain-appendage, 
in  which  the  rudiments  of  the  parts  of  the  future  head  may  be 
recognized. 

Disk-shaped  thickenings  in  the  hinder  widened  part  of  the  brain- 
appendage  form  the  rudiments  of  the  compound  eyes,  which  there- 
fore may  be  called  the  eye-buds.     On  the  basal   surface  of  the 
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hypodermis  is  accomplished  under  the  influence  of  the  leueocTtes 
(Fig.  632,  A:),  which  attack  the  larval  hypodermis-cells  and  absorb 
their  contents  piece  by  piece,  and  so  till  themselves  with  bits  of  the 
hypodermis-cells  and  their  nuclei;  since  these  fragments  have  tbe 
shape  of  roundish  granules,  they  were  called  by  Weismann  g^ranule^ 
balls.  These  granule-balls,  which  fill  the  body-cavity  of  the  later 
pupal  stage,  are  nothing  else  than  the  leucocytes  (blood  corpuscles  j 
which  have  absorbed  the  fragments  of  tissue  of  the  larval  body. 

It  should  here  be  said  that  the  destruction  of  the  larval  tissues  is 
not  to  be  attributed  to  the  previous  death  of  the  cells,  but  is  the 
result  of  the  action  of  the  leucocytes  on  tissues  which,  though 
weakened  in  their  vital  power,  are  still  living.  While  the  com- 
pletely healthy,  active  tissues,  i,e,  those  of  the  imaginal  buds,  with- 
stand the  attacks  of  the  leucocytes,  the  less  healthy  larval  tissues 
are  by  the  attacks  of  the  leucocytes  divided  into  fragments  and  eaten 
and  digested  by  them.  This  process  is  most  marked  in  the  his- 
tolysis of  the  larval  muscles.  The  destruction  of  most  of  the  larval 
organs  depends,  therefore,  on  the  capacity  of  the  amoeboid  blootl-cor- 
puscles  for  taking  food  and  on  intracellular  digestion,  as  was  first 
shown  by  Metschnikoff,  who  has  given  to  these  leucocytes  the  name 
of  "  phagocytes." 

This  process  of  histolysis  goes  on  in  the  same  way  in  the  head  and 
abdomen  as  in  the  thorax.  In  the  abdomen,  as  Ganin  first  prove^U 
there  are  in  each  of  the  eight  segments  of  which  it  consists  in  the 
larva  four  small  cellular  islets  or  imaginal  buds  (Figs.  (xU,  h^ 
632,  /),  from  which  originate  the  new  hypodermis. 

Van  Rees  has  lately  found  in  the  abdominal  segments  another 
pair  of  smaller  imaginal  buds.  The  four  imaginal  buds  occurring  io 
the  last  segment  are  situated  close  to  each  other,  encircling  the  anal 
opening  (Fig.  633,  ims)y  and  take  part  in  the  formation  of  the  hind- 
intestine,  the  rectal  pouches  and  rectal  papillae.  To  this  segment 
also  belong  the  two  pairs  of  imaginal  genital  buds  (rudiments  uf 
the  external  sexual  organs)  which  were  first  found  by  KUnekel 
d'llerculais  in  Volucella. 

The  newly  formed  hypodermis  spreads  rapidly  over  the  outer  sur- 
face of  the  body,  so  that  hypodermal  areas  corresjx)nding  to  the 
separate  imaginal  buds  soon  unite.  Simultaneously  with  this  waxt- 
pletion  of  the  definite  epithelial  layer  the  larval  hyjxniermis  becomes 
completely  destroyed  by  the  phagocytes. 

The  muscles.  —  A  similar  process  of  destruction  by  phagoovtes 
aifects  the  greater  number  of  the  larval  muscles,  except  the  threr 
pairs  of  thoracic  muscles  employed  in  respiration,  and  which  jiass 
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appendage  and  the  pharynx  so  completely  unite  that  the  two 
goon  form  a  single  sac,  the  head-sac  or  vesicle  (Fig.  629,  k).  The 
walls  of  this  head-vesicle  are  the  later  head-wall,  the  moat  iniiMDi-- 
taiit  parts  of  which  can  now  be  recognized  {the  antennae,  eyes, 
rudiments  of  the  beak).  It  is  now  necessary  that  the  head-vesicle 
(Fig.  629,  +,  +)  be,  by  the  eversion  of  the  pharynx,  turned  out- 
ward in  order  that  the  head  of  the  pupa  may  be  completed.  By 
this  eversion  of  invaginated  parts,  tlie  former  mouth-opening  of 
the  pharynx  becomes  a  neck-section  (Fig.  629,  -i-,  +)  by  which 
head  and  thorax  are  now  united.     (Korschelt  and  Heider.) 


Fia.  SM.  —  nUEisni  i>r  the  clunRfis  ID  pniH  of  Muaca  hettm  linw"  ii|>j>«ra :  thK  nliiK.m'rin) 
DnI  ilnwn  :  at,  •'Vi-liudK :  nl.  ■nloimiil  EiTtns ;  h'-lfi.  Wy;gmnr, :  hg.  ventral  n«rvp-rnnl ;  a.  hraln  : 
t,  hrid-vvnlclc  |oiiirlniii)n«  Ihim  ihc-  union  at  IIk^  ptairyni  wlih  Ihe  hiiiunliviilo.  Hlr«(iiiiHii;ir>tU 
•f.  «'FHi[riitKUH:  r,  ^'nn  ot  itn  prnbuscln;  ■>.  p-mi  of  Iho  fDrrhwl  j  /,  t1.  HI.  n't,  Jd.  anil  H.1 
ihiini^c  wgDwuU Bawd  on  KanmleitlL}-  (ml  Vin  Keei.  with  sbuiKci,  atlm  Konchelt  inil 

The  cause  of  Ihe  eveminn  of  the  head -vesicle,  which  Weisinnnn  directly  ob- 
dprved,  a]i]>ears  to  he  <iue  to  an  increase  of  the  inner  pressure  tliroufjh  a  contrac- 
tiim  of  llie  liiiider  parls  of  tiie  bmiy.  Tlie  anterior  end  of  tlie  (esophagus  now 
becomes  turned  down  ventmlly  corresponding  to  the  conformation  nf  tlie  liead 
of  tlie  Imago. 

It  liaij  been  shown  that  the  so-called  pharynx  is  only  an  Invatntiated  [>art  of 
the  outer  eurfaire  of  the  larval  head.  The  brain-appeudaf^  Korschelt  and 
Heider  consiiler  to  be  the  diverticulum  of  this  invagination,  in  which  the  single 
jmrts  of  the  body  lie  in  an  invaginated  slate.  Tliey  may  tlirnuRhout  be  coiiipan>d 
to  the  rudiments  of  the  thoracic  titubs.  All  Uiese  iinaginal  huds  have  been 
traced  iKtck  to  the  invaginated  parts  of  the  outer  surtaoe  of  the  body,  I.e.  tin' 
ectoderm. 
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hypodermis  is  accomplished  under  the  influence  of  the  leucocytes 
(Fig.  632,  fc),  which  attack  the  larval  hypodermis-cells  and  absorb 
their  contents  i)iece  by  piece,  and  so  till  themselves  with  bits  of  th« 
hypodermis-cells  and  their  nuclei;  since  these  fragments  have  the 
shape  of  roundish  granules,  they  were  called  by  Weismann  g^ranule- 
balls.  These  granulfe-balls,  which  fill  the  body-cavity  of  the  lat«T 
pupal  stage,  are  nothing  else  than  the  leucocytes  (blood  corpuscles* 
which  have  absorbed  the  fragments  of  tissue  of  the  larval  body. 

It  should  here  be  said  that  the  destruction  of  the  larval  tissues  is 
not  to  be  attributed  to  the  previous  death  of  the  cells,  but  is  the 
result  of  the  action  of  the  leucocytes  on  tissues  which,  though 
weakened  in  their  vital  power,  are  still  living.  While  the  com- 
pletely healthy,  active  tissues,  i.e.  those  of  the  imaginal  buds,  with- 
stand the  attacks  of  the  leucocytes,  the  less  healthy  larval  tissues 
are  by  the  attacks  of  the  leucocytes  divided  into  fragments  and  eaten 
and  digested  by  them.  This  process  is  most  marked  in  the  his- 
tolysis of  the  larval  muscles.  The  destruction  of  most  of  the  larval 
organs  depends,  therefore,  on  the  capacity  of  the  amoeboid  blood-cor- 
puscles for  taking  food  and  on  intracellular  digestion,  as  was  first 
shown  by  Metschnikoff,  who  has  given  to  these  leucocytes  the  name 
of  *^  phagocytes." 

This  process  of  histolysis  goes  on  in  the  same  way  in  the  head  and 
abdomen  as  in  the  thorax.  In  the  abdomen,  as  Ganin  first  proved. 
there  are  in  each  of  the  eight  segments  of  which  it  consists  in  the 
larva  four  small  cellular  islets  or  imaginal  buds  (Figs.  631,  kf\ 
032,  i),  from  which  originate  the  new  hypodermis. 

Van  Rees  has  lately  found  in  the  abdominal  segments  another 
pair  of  smaller  imaginal  buds.  The  four  imaginal  buds  occurring  in 
the  last  segment  are  situated  close  to  each  other,  encircling  the  anal 
opening  (Fig.  633,  hits),  and  take  part  in  the  formation  of  the  hind- 
intestine,  the  rectal  pouches  and  rectal  papillae.  To  this  segment 
also  belong  the  two  pairs  of  imaginal  genital  buds  (rudiments  of 
the  external  sexual  organs)  which  were  first  found  by  Kunokel 
d'Herculais  in  Volucella. 

The  newly  formed  hypodermis  spreads  rapidly  over  the  outer  sur- 
face of  the  bod}',  so  that  hypodermal  areas  corresponding  to  the 
sei)arate  imaginal  buds  soon  unite.  Simultaneously  with  this  coah 
pletion  of  the  definite  epithelial  layer  the  larval  hypodermis  bet»oine3 
completely  destroyed  by  the  phagocytes. 

The  muscles.  —  A  similar  process  of  destruction  by  phagocjt4?> 
affects  the  greater  number  of  the  larval  muscles,  except  the  three 
pairs  of  thoracic  muscles  employed  in  respiration,  and  which  pas> 
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intact  from  the  larva  to  the  imago.     Indeed,  the  dissolution  of  the 
niiiscles  ia  the  first  process  which  occurs  in  the  metamorphosis. 
The  destruction  of  the  larval  muscles  ia  accomplished  in  such  a  way 
that  a  great  number  of  leucocytes 
which  have  collected  on  the  sur- 
face of  the  muscular  fibres,  press 
through     the     sarcolemma    and 
enter  within  the  muscular  tissue, 
filling  the  spaces  formed  between 

them.     Hy  this  means  the  mus-  * 

ctes  break  up  into  a  number  of 
rounded  particles  which  are 
taken  into  the  interior  of  the 
leucocytes.  Thus  a  collection 
of  granule-balls  arise  from  the 
muscles,  which  finally  separate 
from  each  other  and  become 
scattered  throughout  the  body- 
cavity  of  the  pupa.  In  the  same 
way  as  the  muscular  substance, 
the  muscle-nuclei  are  taken  up 
and  digested  by  the  phagocytes. 

The  imaginal  muscles  develop 
from  the  definitive  mesoderm 
which  has  originated  from  the 
mesoderm  of  the  imaginal  buds 
(Fig.  fi32,  C,  m). 

The  digestive  canal.  —  As  in 
the  hypodormis  and  muscles, 
the  histolysis  of  the  larval  diges- 
tive tract  and  its  new  formation 
from  separate  imaginal  buds  go 
oti  simultaneously,  so  that  the 
continuity  of  the  process  ia  not 
interrupted. 

imaginal    buds    of 


much-shortened   pupal  digestive         Fm.  sss.  — ineesUvet 


canal  occur  in  the  mid-intestine 
(stomach)  in  the  form  of  numer- 


"-T^-^ 


scattered    groups    of   cells     SS^"!?S{^''iS^ 


(Fig.  633,  iV),  and  in   the  fore- 
and  hind-intestine  in   the   form 
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hypodermis  is  accomplished  under  the  influence  of  the  leucocytes 
(Fig.  632,  k),  which  attack  the  larval  hypodermis-cells  and  absorb 
their  contents  piece  by  piece,  and  so  till  themselves  with  bits  of  the 
hypodermis-cells  and  their  nuclei ;  since  these  fragments  have  the 
shape  of  roundish  granules,  thiey  were  called  by  Weismann  granule- 
balls.  These  granule-balls,  which  fill  the  body-cavity  of  the  later 
pupal  stage,  are  nothing  else  than  the  leucocytes  (blood  corpuscles) 
which  have  absorbed  the  fragments  of  tissue  of  the  larval  body. 

It  should  here  be  said  that  the  destruction  of  the  larval  tissues  is 
not  to  be  attributed  to  the  previous  death  of  the  cells,  but  is  the 
result  of  the  action  of  the  leucocytes  on  tissues  which,  though 
weakened  in  their  vital  power,  are  still  living.  While  the  com- 
pletely healthy,  active  tissues,  i.e.  those  of  the  imaginal  buds,  with- 
stand the  attacks  of  the  leucocytes,  the  less  healthy  larval  tissues 
are  by  the  attficks  of  the  leucocytes  divided  into  fragments  and  eaten 
and  digested  by  them.  This  process  is  most  marked  in  the  his- 
tolysis of  the  larval  muscles.  The  destruction  of  most  of  the  larval 
organs  depends,  therefore,  on  the  capacity  of  the  amoeboid  blood-cor- 
puscles for  taking  food  and  on  intracellular  digestion,  as  was  first 
shown  by  Metschnikoff,  who  has  given  to  these  leucocytes  the  name 
of  "  phagocytes.'' 

This  process  of  histolysis  goes  on  in  the  same  way  in  the  head  and 
abdomen  as  in  the  thorax.  In  the  abdomen,  as  Ganin  first  proved, 
there  are  in  each  of  the  eight  segments  of  which  it  consists  in  the 
larva  four  small  cellular  islets  or  imaginal  buds  (Figs.  631,  hi^ 
632,  «),  from  which  originate  the  new  hypodermis. 

Van  Rees  has  lately  found  in  the  abdominal  segments  another 
pair  of  smaller  imaginal  buds.  The  four  imaginal  buds  occurring  in 
the  last  segment  are  situated  close  to  each  other,  encircling  the  anal 
opening  (Fig.  633,  ims),  and  take  part  in  the  formation  of  the  hind- 
intestine,  the  rectal  pouches  and  rectal  papillae.  To  this  segment 
also  belong  the  two  pairs  of  imaginal  genital  buds  (rudiments  of 
the  external  sexual  organs)  which  were  first  found  by  KUnckel 
d'Herculais  in  Volucella. 

The  newly  formed  hyj)odermis  spreads  rapidly  over  the  outer  sur- 
face of  the  body,  so  that  hypodermal  areas  corresponding  to  the 
separate  imaginal  buds  soon  unite.  Simultaneously  with  this  com- 
pletion of  the  definite  epithelial  layer  the  larval  hypodermis  becomes 
completely  destroyed  by  the  phagocytes. 

The  muscles.  —  A  similar  process  of  destruction  by  phagocytes 
affects  the  greater  number  of  the  larval  muscles,  except  the  three 
pairs  of  thoracic  muscles  employed  in  respiration,  and  which  pass 
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intact  from  the  larva  to  the  imago.     Indeed,  the  dissolution  of  the 
muscles   is  the  first  process  which  occurs  in  the  metamorphosis. 
The  destruction  of  the  larval  muscles  is  accomplished  in  such  a  way 
that  a  great  number  of  leucocytes 
which  have  collected  ou  the  sur- 
face of  the  muscular  fibres,  press 
through     the    sarcolemma    and 
enter  within  the  muscular  tissue, 
filling  the  spaces  formed  between 

them.     By  this  means  the  mus-  • 

cles  bi-eak  u^i  into  a  number  of 
rounded  particles  which  are 
taken  into  the  interior  of  the 
leucocytes.  Thus  a  collection 
of  granule-balls  arise  from  the 
muscles,  which  finally  separate 
from  each  other  and  become 
scattered  throughout  the  body- 
cavity  of  the  pupa.  In  the  same 
way  as  the  muscular  substance, 
the  muscle-nuclei  are  taken  up 
and  digested  by  the  phagocytes. 

The  imaginal  muscles  develop 
from  the  definitive  mesoderm 
which  has  originated  from  the 
mesoderm  of  the  ims^inal  buds 
(Fig.  0,12,  C,  m). 

The  digestive  canal.  —  As  in 
the  hypodermis  and  muscles, 
the  histolysis  of  the  larval  diges- 
tive tract  and  its  new  formation 
from  separate  imaginal  buds  go 
on  simultaneously,  so  that  the 
continuity  of  the  process  is  not 
interrupted. 

The    imaginal    buds    of    the 
inuch-shortened  pupal  digestive         fis.  ess— rii»>iiv«tnct  of  i  MuKiiim 
canal  occur  m  the  mid-iutestine     rvnervnii;  fi.imivinairtii^tnriiieMiirwTEkwi 

/   ,  1  \   -      .1       r  f  i'^y*/,  l^t-feJIj*  A1  Iht  vnd  of  IhftuUTftrrsJiml ; 

(stomach)  in  the  form   of  numer-       j,r.  i.mvrDlHcnliti :    r.  Ufi  rlnu:   ft.  tmifinll 

OllS     scattered     groups     of     cells       tir.msrh:    wi.   unmry   titbF!.:    ill-.  lmi|.-iiiil 

(Fig.  G33,  ie),  and  in   the  fore-     wnd»"''i'MS'Sf.'hIi'^'n^rbn'(i'':'!l!"ii^^ 
and  hind-intestine  in   the   form     Aftf^Kowde?™!-  frllui' KorKheii ind' HtWeT 
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of  riug3  {v  and  h)  of  imaginal  tissue.  The  imaginal  ring  of  tht 
foi-e-int«Btine  (w)  lies  in  the  region  of  the  proventriculus  (pr,  oom- 
pave  Fig.  635,  im),  while  that  of  the  liind-intestine  is  situatri 
directly  behind  the  base  of  the  urinary  tubes.  The  regeneration 
of  these  two  parts  of  the  digestive  canal  is  not  entirely  accomplish«i 
by  these  two  rings,  but  the  imaginal  rudiments  of  the  neighboring 
parts  of  the  outer  surface  of  the  body  also  have  a  share  in  it.  Dm 
1  it  appears  that  the  foremost  part  of  the  oesophagus  is  built  up  from 
the  imaginal  buds  in  the  region  of  the  mouth, 
while  the  imaginal  buds  surrounding  the 
anus  in  the  8th  abdominal  segment  (Fig.  633, 


Fro.  m.  —  Crowi-tKtlon  throngti    (he  mld-lnUiUna  of  Fm.  tSft.  —  Lnnrltailliiil  •f- 

nu™  nf  MuMi:  e,  rpjifiwl  ■ml  (lw;*ii«™t«  pplllwlliiin  nf  the  tlnn  thnub  Ihi-  [ir..«ntilt«iu 

Mime;  m,  miiMul«rl«yer;  ni'.  )iinit1n»F«llof  in  ;  n.lnmt^Dil  lnl.-*lln«l,    Imwlul   Hiir;  •. 

A'(tor''Kni.!ilf™.ltj°  ft^in'Kortchell''ind  Het^!'"^  "*"■  ~  ^''ri^o-^v'3?r(l-'!^K» 

HheLt  ind  WtUir.  ' 

hns)  prodiice  by  invagination  the  rectal  pouches,  together  with  the 
rectal  papillie. 

The  formation  of  the  raid-intestine  (stomach)  takes  place  in  siicb 
a  way  that  the  island-like  imaginal  buds  spread  out  by  cell-mvilii- 
plication  over  the  outer  or  basal  surface  of  the  larval  mid-inte^tiul 
eiiithelium  (Fig.  G.'i4.  o),  until  they  finally  unite,  so  as  to  form  ih* 
wall  of  the  imaginal  raid-intestine  (stomach).  At  the  same  time 
the  entire  larval  epithelium  (e)  is  cast  in  the  interior  and  fonus  tbf 
so-ealled  yellow  body,  wliirli  becomes  surrounded  by  a  layer  of  snill 
cells  and  a  jelly-like  mass,  and  remains  until  its  destruction  in  tbf 
pupal  stomach.  The  larva!  muscular  layer  (m)  remains  intact  a 
long  as  the  imaginal  mid-intestine  is  not  fully  developed,  wb« 
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it  is  attacked  and  destroyed  by  phagocytes.  The  final  muscular 
layer  arises  from  single  cells  lying  on  the  outer  surface  of  the 
imaginal  buds  (Figs.  633,  im,  634,  ?h'),  which  should  be  regarded  as 
special  imaginal  cells  of  the  mid-intestinal  muscular  layer. 

The  transformation  of  the  fore-intestine  is  introduced  by  a  degen- 
eration of  the  proventriculus  and  sucking  stomach.  The  proven- 
triculus  (Fig.  635,  pr),  which  had  been  formed  from  a  circular  fold 
of  the  fore-intestine,  disappears  by  the  smoothing  out  of  this  folded 
structure.  The  sucking  stomach  also  similarly  degenerates  by  with- 
drawing gradually  into  the  oesophagus,  so  that  instead  of  the  original 
diverticulum  there  remains  only  an  enlargement  of  the  oesophageal 
cavity.  At  the  same  time  this  part  of  the  canal  is  attacked  and 
destroyed  by  phagocytes,  while  the  destroyed  portions  become  re- 
placed by  the  gradually  extending  imaginal  parts  of  the  wall.  The 
imaginal  ring  of  the  fore-intestine  (Fig.  635,  im),  which,  according 
to  Kowalevsky,  is  concerned  in  the  formation  of  a  great  part  of  the 
definitive  oesophagus,  becomes  closed  at  its  hinder  end  so  that  the 
communication  with  the  mid-intestine  appears  to  be  interrupted. 

The  hind-intestine  of  the  imago  is  rebuilt  in  exactly  the  same 
manner.  Here  also  the  imaginal  ring  widens  and  forms  a  tube, 
which  while  it  grows  around  the  openings  into  the  urinary  tubes, 
closes  itself  against  the  mid-intestine,  while  behind  it  remains  in 
connection  with  the  larval  hind-intestine.  In  a  similar  way  the 
larval  hind-intestine  is  attacked  by  the  growth  from  behind  of  an 
imaginal  ring,  which  proceeds  from  imaginal  buds  near  the  anus, 
until  finally,  when  the  entire  larval  hind-intestine  is  reduced  to 
granule-balls,  the  two  imaginal  sections  of  the  tube  are  brought  into 
contact  with  each  other.     (Kowalevsky  in  Korschelt  and  Heider.) 

The  larval  salivary  glands  (Fig.  633,  sp)  are  completely  destroyed  by 
phagocytes.  Then  succeeds  the  new  formation  of  these  glands  from  imaginal 
buds,  which,  according  to  Kowalevsky,  form  rings  situated  at  their  anterior  ends. 

The  nature  of  the  transformation  undergone  by  the  urinary  tubes  is  not  yet 
well  ascertained.  According  to  Van  Rees,  tliere  is  in  this  case  perhaps  a  regen- 
eration of  the  larval  cells  by  division,  but  on  the  other  side  there  may  be  a 
histolysis  of  these  elements. 

The  above-described  method  of  transformation  of  the  digestive  canal  seems, 
according  to  Korschelt  and  Heider,  to  be  very  common  among  the  holometa- 
bolic  insects.  It  has  not  only  been  observed  in  the  Diptera,  but  also  in  the 
Lepidoptera  (Kowalevsky,  Frenzel),  Coleoptera  (Ganin),  and  Hymenoptera 
(Ganin).  The  stripping  off  of  the  epithelium  of  the  mid-intestine  was  found 
by  Kowalevsky  to  occur  also  in  Corethra,  Culex,  and  Chironomus. 

The  tracheal  system.  —  As  we  have  seen  (p.  448),  the  tracheal  sys- 
tem of  caterpillars  just  before  pupation  undergoes  disintegration, 
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accompanied  by  a  reformation  of  the  peritoneal  mem^brane   aw 
taenidia.      The  larval  ectotrachea  undergoes  histolysis,  that  of  iht 
imago  being  meanwhile  formed;  the  larval  tsenidia  also  break  up. 
dissolve,  and  are  replaced  by  new  taenidia  which   arise   from  tLi: 
nuclei  of  the  peritoneal  membrane.     That  the  tracheal  system  in 
the  Muscidse  during  metamorphosis  undergoes  a  transformation  is 
shown,  as  Korschelt  and  Heider  claim,   by  the  entirely   difFereni 
shape  of  the  system  in  the  maggot,  the  pupa,  and  the  fly.     The  air 
is  admitted  to  the  tracheal  system  of  the  maggot,  not  by  lateral 
openings,  but  through  the  two  stigmata  at  the  end  of    the  bodj. 
On  the  other  hand,  the  pupa  breathes  by  prothoracic  spiracles,  while 
the  fly  has  six  pairs  of  lateral  stigmata  of  the  normal    structuie: 
There  may  be  in  the  larva  and  pupa  vestigial  closed    stigmata, 
as  there  are  in  the  thorax  of  caterpillars,  with  tracheal  branches 
leading  to  where  were  once  functional  stigmata.     These  stigmata! 
branches,  as  well  as  some  other  portions  of  the  tracheal  system 
already  observed  by  Weismann,  seem,  according  to  Van   Rees,  to 
function  as  imaginal   buds   for  the   regeneration  of  the    tracheal 
matrix,  while  frequently  also  a  regeneration  of  this  epithelium,  by  a 
simple  repeated  division  of  cells,  may  be  recognized.    The  disintegra- 
tion of  the  tracheal  system  is  accomplished  by  means  of  phagocytes 
in  the  manner  already  described. 

The  nervous  system.  —  The  central  nervous  system  passes  directly 
from  the  larval  into  the  imaginal  stage,  since  it  must  continue  to 
exercise  most  of  its  functions  throughout  metamorphosis,  though 
it  undergoes  important  changes  of  form  and  position.  At  the  same 
time,  certain  histological  transformations  occur  which  may  be  rt^ 
garded  as  a  histolysis.  Such  is  the  destruction  and  rebuilding  in 
the  interior  of  the  organs,  which,  however,  preserve  their  continuitr. 
Every  case  of  destruction  of  tissues  in  the  pupa  has  come  to  be 
regarded  as  a  histolysis. 

The  problem  of  the  transformation  of  the  peripheral  nervous  sys- 
tem is  not  yet  well  understood.  Although  during  the  destruction  of 
the  larval  muscles  the  motor  nerves  also  in  part  degenerate,  in  tb^ 
case  of  the  nerves  distributed  to  the  appendages  the  conditions  arp 
different,  as  these  may  be  recognized  in  the  larva  in  the  form  c^ 
the  nerve-threads  which  place  the  imaginal  buds  in  connection  with 
the  central  nervous  system.  These  threads,  according  to  Van  R<?e$, 
pass  from  the  larva  into  the  pupa  and  imago,  so  that  with  the  farther 
development  of  the  rudiments  of  the  extremities,  only  the  distal 
part  of  the  nerves  belonging  to  them  are  to  be  regarded  as  new 
formations.     (Korschelt  and  Heider.) 
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The  fat-body.  —  The  larval  fat-body  is  also  destroyed  through  the 
activity  of  the  leucocytes  in  the  same  way  as  the  other  tissues. 
The  reformation  of  the  fat-body  seems  to  begin  in  the  mesoderm 
of  the  imaginal  buds.  Possibly,  also,  the  masses  or  collections  of 
embryonic  cells  which  are  regarded  by  Schaeffer  as  "blood-form- 
ing cells,"  may  serve  to  regenerate  the  fat-body.  At  all  events, 
they  have  been  derived  from  the  mesodermal  tissues.  Though 
Wielowiejsky  saw  the  fat-body  of  Corethra  arising  from  a  cell-layer 
situated  under  the  hypodermis,  yet  it  is  not  necessary  to  regard 
this  observation  as  favorable  to  the  view  of  Schaeffer  that  in  Musca 
the  larval  fat-body  is  derived  in  part  from  the  hypodermis,  and  in 
part  from  the  tracheal  matrix,  thus  from  the  ectodermal  tissues. 
(Korschelt  and  Heider.) 

Definitive  fate  of  the  leucocytes.  —  We  have  seen  that  the  formation 
of  the  organs  of  the  imago  originates  in  the  imaginal  buds,  in  all 
cases  where  these  do  not  pass  directly  from  the  larva  into  the  pupa. 
The  leucocytes,  whose  numbers  in  the  pupa  are  greatly  increased, 
tJike  no  direct  part  in  the  formation  of  the  tissues.  Their  impor- 
tance seems  to  lie  in  this,  that  they  destroy  those  larval  organs 
doomed  to  destruction,  the  parts  of  which  they  take  in  and  digest, 
and  possibly,  by  their  powers  of  locomotion,  convey  particles  of  food 
to  the  developing  organs. 

What,  on  the  other  hand,  is  the  fate  of  the  leucocytes  after  the 
developmental  processes  in  the  pupa  have  ceased  ?  There  can  be  no 
doubt  that  a  part  of  the  so-called  granule-cells  are  again  transformed 
into  normal  blood-corpuscles.  Another,  and,  as  it  seems,  more  con- 
siderable, share  suffer  degeneration.  Finally,  the  leucocytes  them- 
selves serve  as  nourishment  for  •  the  newly  formed  tissues.  Of 
interest  in  this  direction  is  the  observation  of  Van  Rees,  that 
numerous  leucocytes  finally  pass  into  the  newly-formed  hypodermis 
and  then  degenerate  in  crevices  between  the  hypodermis-cells. 
(Korschelt  and  Heider.) 

It  has  been  suggested  by  Van  Rees  that  the  phagocytes  attack  all  the  larval 
organs  indiscriminately,  but  that  the  active  metabolism  of  the  imaginal  buds 
preserves  them  from  these  attacks.  He  also  thinks  that  Kowalevsky  is  probably 
right  in  supposing  that  the  buds  render  themselves  immune  by  some  poisonous 
secretion. 

Pratt,  however,  thinks  that  the  supposition  of  a  protecting  or  poisonous 
secretion  is  scarcely  necessary  to  account  for  the  phenomenon,  and  suggests  that 
the  larval  tissues  are  a  prey  to  the  phagocytes,  because  at  tlie  end  of  larval  life 
they  become  functionless  and  inactive,  so  as  to  become  an  easy  prey  to  phago- 
cytes or  disintegrating  influences  of  any  sort.  On  the  other  hand,  the  imaginal 
buds  **in  which  there  is  an  exceedingly  active  metabolism,  and  all  the  larval 
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organs  which  remain  functional  during  the  metamorphosis  are  immane  from  tb« 
attacks  of  the  phagocytes,  llie  heart  in  tlie  muscids  continues  to  beat,  u 
Ktinckel  d^Herculais  has  observed,  during  the  entire  period  of  the  metamor- 
phosis, with  the  exception  of  a  day  or  two  in  the  latter  half  of  it.  The  nerrouf 
system  must  continue  functional  during  the  entire  time.  The  three  pairs  <^f 
thoracic  muscles  which  pass  intact  from  the  larva  to  the  imago  are  probabit 
employed  in  respiration  during  the  metamorphosis.  The  reproductive  glands 
are,  like  the  imaginal  disks,  rapidly  growing  organs/*  He  adds  that  amoii5?  th«* 
other  holometabolic  insects  many  or  most  of  the  larval  organs  remain  fnnctional 
during  metamorphosis,  hence  there  is  but  little  histolysis.  **But  the  lairal 
intestine  would  always  necessarily  become  unfunctional,  and,  as  we  have  seen, 
Kowalevsky  is  of  the  opinion  that  the  larval  mid-gut  in  all  holometabolic  insects 
contains  imaginal  disks,  and  undergoes  degeneration  during  the  metaroorphobts.** 

The  post-embryonic  changes  and   imaginal   buds  in  the  Popipara 

(Melophagus).  —  The  sheep-tick  (Melophagiis)  is  still  more  modified 
than  the  Muscidae;  the  larva  is  apodous  and  acephalous,  but,  as 
Pratt  observes,  much  less  highly  specialized  than  those  of  niusci<l>, 
and  in  respect  to  the  position  of  the  thoracic  buds  it  closely  re- 
sembles Corethra.  They  lie  just  beneath  the  hypodemiis  in 
two  very  regular  rows,  and  not  in  the  centre  of  the  body,  as  in 
Musca  (Figs.  628,  636,  C).  AVhile,  however,  in  Corethra  all  the  tho- 
racic buds  are  of  larval  origin,  arising  after  the  last  larval  moult,  in 
Melophagus,  on  the  other  hand,  each  of  these  buds,  except  the 
dorsal  prothoracic,  arises  in  the  embryo,  as  is  also  the  case  in  MiLSi*a. 

In  the  cephalic  buds  the  conditions  are  similar  to  those  in  Musca, 
but  still  more  complicated.  Instead  of  a  single  pair  of  head-buds, 
there  are  two  pairs,  one  dorsal  and  one  ventral.  "  The  dorsal  jair 
corresponds  to  the  muscidian  head-disks  in  every  respect ;  they  art» 
destined  to  form  the  dorsal  and  lateral  portions  of  the  imaginal 
head,  together  with  the  compound  eyes.  The  ventral  head-disks 
have  no  counterpart  in  Musca.  The  fate  of  these  disks  or  buds  is  t*> 
form  the  ventral  portion  of  the  head,  the  paired  projections  forming 
the  rudiments  of  the  proboscis. 

"  The  formation  of  the  head-vesicle  proceeds  in  a  way  similar  i<) 
that  in  Musca.  The  ventral  disk  fuses  early  at  its  lat<»ral  edges  witL 
the  dorsal  pair.  The  communications  between  both  ventral  and 
dorsal  disks  and  the  pharynx  rapidly  widen  (in  the  old  larva  they 
have  already  become  very  large),  and  soon  the  disks  and  pharynx 
form  together  a  single  vesicle,  which  is  the  head-vesicle.''  Tbt» 
imaginal  buds  of  the  abdomen  Pratt  finds  to  be  exactly  as  in  tbt* 
corresponding  ones  of  Musca. 

In  the  embryo  of  Melophagus  the  cephalic  and  thoracic  imaginal 
buds  first  appear  as  local  thickenings,  followed  by  the  invaginatito 
of  the  ectoderm ;  the  cephalic  buds  first  appear  very  early  in  the 
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ontogeny  of  the  insect  (Fig.  636,  C7),  just  as  the  germs  of  the  diges- 
tive canal,  nervous  system,  and  trachesB  are  appearing.  The  single 
median  thickening  (y)  is  destined  to  form  the  ventral  cephalic  bud, 
while  the  pair  of  thickenings  behind  (cf)  become  the  dorsal  buds, 
those  homologous  with  the  cephalic  buds  of  Musca. 


Fio.  636.  —  Tmaf^nal  buds  in  Masca,  — ^4,  In  Corethra,  — ^,  In  M6loph^UH,-*r;  in  embryo  of 
Melophogus :  dorsal  view  of  head  ;  &,  bud  :  p,  peripodal  membrane ;  c,  cord  ;  hy,  hypodermis :  el^ 
cutioula :  «/,  stomodeeum  ;  r,  ventral  cephalic  bud,  behind  are  the  two  dorsal  cephalic  buds  (ef).  — 
After  Pratt. 

The  thoracic  buds,  which  arise  as  hypodermic  thickenings,  do  not 
appear  until  late  in  embryonic  life,  until  the  time  of  the  involution 
of  the  head. 

Pratt  did  not  observe  in  the  embryo  the  buds  of  the  internal 
organs  and  of  the  abdominal  hypodermis,  and  thinks  it  probable 
that  they  appear  first  in  the  larva. 


c.   General  stumnary 

We  have  seen  that  in  Coleoptera,  Lepidoptera,  Diptera,  and 
Hymenoptera,  and  with  little  doubt  in  all  the  holometabolous  insects, 
the  parts  of  the  imago  originate  in  single  formative  cellular  masses 
(imaginal  buds)  already  present  in  the  larva,  and  often  even  in  the  . 
later  embryonic  stages.  There  are  such  imaginal  buds  for  each  part 
of  the  body,  —  for  the  appendages  of  the  head,  for  the  legs  and  wings, 
for  the  ovipositor,  and  probably  for  the  cercopods,  for  the  hypo- 
dermis of  the  abdomen,  and  for  the  different  sections  of  the  diges- 
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tive  canal.  We  have  seen,  as  Korschelt  and  Heider  state,  that  the 
formation  of  the  mesodermal  organs  of  the  imago  (muscles,  con- 
nective tissue,  fat-body)  begins  in  the  mesodermal  part  of  the 
imaginal  buds,  whose  first  origin  is  still  obscure.  Simultaneously 
with  the  formation  of  the  imaginal  organs,  there  goes  on  under  the 
influence  of  the  leucocytes  the  destruction  of  the  larval  organs. 
Both  processes  (destru(;tion  and  regeneration)  therefore  go  on  hand 
in  hand,  so  that  the  continuity  of  the  organs  in  question  in  most 
cfises  remains  perfect,  inasmuch  as  the  complete  destruction  only 
ensues  after  the  formation  of  the  final  organs.  The  only  exceptions 
are  most  of  the  muscles  of  the  larva,  which  are  destroyed  at  a  very 
early  period. 

Moreover,  it  is  evident  that  the  sharp  division  into  larval,  pupal, 
and  imaginal  stages  only  applies  to  the  external  surface  of  the 
body,  since  they  follow  one  another  after  successive  moults.  The 
processes  of  the  internal  development,  on  the  other  hand,  form  an 
entirelv  continuous  series  of  transformations  between  which  is  no 
sharp  line  of  demarcation.  Yet  as  a  whole  the  form  of  the  larva, 
pupa,  and  imago  are  kept  distinct  in  adaptation  to  their  separate 
environments  and  habits. 

Finally,  as  Pratt  very  truly  remarks,  the  epigenetic  period  in 
insects,  when  new  organs  are  forming,  does  not  end  with  the  birth 
of  the  larva  from  the  egg,  but  extends  through  the  larval,  and  even 
through  the  pupal  period.  "  The  principal  significance  of  the  pupal 
period  and  the  metamorphosis  is  that  it  is  the  time  when  the  larval 
characters  which  were  adapted  for  use  during  a  period  of  free  life  in 
the  midst  of  the  development,  and  which  would  be  valueless  to  the 
imago,  are  corrected  or  abandoned." 


HYPERMETAMORPHISM 

AVhen  an  insect  passes  through  more  than  the  three  normal  stages 
of  metamorphosis,  /.e.  the  larval,  pupal,  and  imaginal,  it  is  said  to 
undergo  a  hypermetamoiyhosis.  The  best-known  examples  are  the 
supernumerary  stages  of  iVIeloe,  Stylops,  etc. 

Fro.  687.  —  Hypermetainorphos!.s  of  male  of  At^pidioitm  nerii :  1,  fk-eshly  hatchcn!  larva;  % 
larva  shortly  before  punatins::  ft,  rudiments  of  the  lejfs  ;^/f,  of  the  winpst ;  sj,  piipa  before  moultinff ; 
4,  the  snme  after  moulting';  6,  larva  farther  advanced  than  in  S;  n,  antenna!  rudiments;  ft,  rudi- 
ments of  lesrs ;  r,  stomach  ;  OG^  brain  ;  M.  Fl,  rudiments  of  the  elevator  and  depreissor  muscles  of 
th»»  wintr ;  M.  Tk,  rudiments  of  the  d(»rsal  muscles ;  //,  rudiments  of  the  testes  ;  7,  pupa  shortly 
before  entering  upon  the  imajfo  state  (5) ;  J,  eyes;  (/,  antenna;  o,  mouth;  WD,  wax-^'Iands ;  B(xy 
ventral  nervous  cord  ;  /Sft.  caudal  setie  ;  U\  trachea* ;  p,  genital  armature.  —  After  Schmidt. 


Fio.  88T. -Forc»ptlon, 
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As  has  already  been  observed,  Schmidt  has  shown  that  in  the  male 
of  the  CoccidsB,  there  is  a  true  hypermetamorphosis,  as  shown  by 
Fig.  637.     In  Aspidiotus  nerii  there  are  five  stages,  there  being  two 


a 


Fig.  68S.  —  MantiMpa  inUmipta^  and  side  view  of  the  fiaitie  without  winirs :  natunl  ^te- 
—  Emertnn  dH.  a,  freshly-hatched  camuodeold  larva  of  MantUpa  tiyriaea,  enlarged:  6.  tW 
Bame,  but  older,  before  the  hrst  moult;  enlarged.  —  Braner. 

larval  (i,  2)  and  two  pupal  stages  (3,  4, 7).     Stage  3  (Fig.  637,  «)  may 
be  compared  with  the  propupa  stage  of  Eiley  (Fig.  581). 

We  have  already,  on  page  602,  described  the  hypermetamorphosii 
of  the  neui-opterous  insect  Mantispa  (Fig.  638). 

In  Melofi  the  freshly  hatched 
larva,  or  "  triungulin  "  (Fig.  639,  a), 
is  an  active  Campodearlike  larva, 
which  runs  about  and  climbs  up 
flowers,  from  which  it  creeps  upon 
the  bodies  of  bees,  such  as  Antho- 
phora  and  Andrena,  who  carry  it  to 
their  cells,  wherein  their  eggs  are 
situated.  The  triungulin  feeds 
upon  and  destroys  the  eggs  of  its 

antenna,'  d,  inaxlllarv  palpus;  «•,  labial  pal-     -t       .  ^r  i_-i     •*.     •         a*       i:/* 

nus ;  f,  mandible ;  (7,'an  abdominal  joint :  A,  hOStCSS.  MCanwhlle  itS  luactive  llie 
fmago.  ?;  /.antenna  of  cf.- After  Riley.  .^^   ^^^   ^^,^    ^^^    ^^^    ^^^    ^^ 

organism ;  after  moulting,  the  second  larval  form  (Fig.  640,  h)  is 
attained,  and  now  the  body  is  thick,  cylindrical,  soft,  and  fleshy,  and 
it  resembles  a  lamellieorn  larva,  with  three  pairs  of  rather  long  tho- 
racic legs.  This  is  Riley's  carabidoid  stage.  This  second  larva  feeJs 
upon  the  honey  stored  up  for  the  young  or  larval  bees.     After 


Fio.  689.— Triunirulin  (n)  of  a  Californian 
Meloi*:    ^,  the   three   trlun^ruUn  claws;  c, 
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Knother  moult,  there  is  another  entire  change  in  the  body;  it  is 
motionless,  the  head  is  mask-like  without  movable  appendages,  and 
the  feet  are  represented  by  six  tubercles.     This  is  called  the  semi- 


FiG.  MO.  —  OU-bw ll* :  a.  Ant  lam 


ODd  ^Mm ;  e,  Iblrd  larva  {  (f ,  [»upa. 


pupa  or  pseudo-pupal  st^e.  This  form  moults,  and  changes  to  a 
third  larval  form  (c),  when  apparently,  as  the  result  of  its  rich, 
concentrated  food,  it  is  overgrown,  thick-bodied,  without  legs,  and 
resembles  a  larval  bee. 

After  thu3  passing  through  three  larval  stages,  each  remarkably 
different  in  structure 
and  in  the  manner  of 
taking  food,  it  trans- 
forms into  a  pupa  of 
the  ordinary  coleopte- 
rous shape  ((I). 

The  history  of  Sita- 
ris,  as  worked  out  by 
Fabre  and  more  re- 
cently by  Valery- 
Mayet,    is    a    similar 

story  of  two  strikingly  Fio.  641.  —  llHtnrr  of  Sitarfi :   a,  trlunKuUn  or  let  larva ; 

,._  ,  1       .    .-         1     o.  anal  Bhlninreu  anil  claBiHTB  of  same;  t, 'M  larva;  *,  iiwttdn- 

dinerent      adaptational     niiia  ;  /.  M  larvi;  o,  tri»|iu|ia;  d,  Idi>«o,  9 .  —  Aner  V.  Uayet, 

larval   forms    succeed-      ""     '^' 

ing  the  triungulin  or  primitive  larval  stage.  The  first  larva  (Fig. 
641,  a)  is  in  general  like  that  of  Meloe,  the  second  (6)  is  thick,  oval, 
fleshy,  soft-bodied,  and  with  minute  legs,  evidently  of  no  use,  the 
larva  feeding  on  the  honey  stored  by  its  host.  The  pseudo-pupal 
stage  is  still  more  maggol^like  than  in  the  corresponding  stage  of 
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there  is  little  reason  to  doubt  that  the  greatly  altered  and  abnormally- 
fat  or  bloated  body  of  the  insect  in  these  supernumerary  stages  is 
the  result  of  a  continuous  supply  of  rich  pabulum,  which  the  insect 
can  imbibe  with  little  or  no  effort. 

The  life-history  of  the  Stylopidae  is  after  the  same  general  fashion, 
though  we  do  not  as  yet  know  many  of  the  most  important  de- 
tails. The  females  are  viviparous,  the  young 
hatching  within  the  body  of  the  parent,  as 
we  once  found  as  many  as  300  of  the  very 
minute  triungulin  larvae  issuing  in  every 
direction  from  the  body  of  what  we  have 
regarded  as  th5  female  of  Stylopa  childreni 
in  a  stylopized  Andrena  caught  in  the  last 
of  April.  The  larvae  differ  notably  from 
those  of  the  Meloidae  in  the  feet  being  bulb- 
ous and  without  claws,  yet  it  is  in  general 
Campodea-like  and  in  essential  features  a 
triungulin  (Fig.  644).  The  intestine  ends 
in  a  blind   sac,   as  in  the  larvae  of   bees, 

and  this  would  indicate  that  its  food  is  honey.  The  complete 
life-history  of  no  Stylopid  is  completely  known.  It  is  probable 
that,  hatched  in  June  from  eggs  fertilized  in  April,  the  larvae  crawl 
upon  the  bodies  of  bees  and  wasps ;  finally,  after  a  series  of  larval 
stages  as  yet  unknown,^  penetrating  within  the  abdomen  of  its  host 
before  the  latter  hibernates,  and  living  there  through  the  winter. 

1  Westwood  in  his  excellent  account  of  this  Rroup  remarks:  "  Hence,  as  well  as 
from  the  account  given  hy  Jurine,  it  is  evident  that  the  pupa  of  the  Stylops  is  en- 
closed in  a  distinct  skin,  and  is  also  in  that  state  enveloped  by  the  skin  of  the  larva, 
contrary  to  the  suggestion  of  Mr.  Kelly."  (Class.  Insects,  II.  297.)  This  is  all  we 
know  about  the  supernumerary  larval  stages. 


Fig.  644. —Triungulin  stage 
otSti/lop«  childreni. 


Fio.  648. —1,  E(r^-pod  of  Caloptenuit  differentiallM  with  the  mouth  torn  open,  exnostnp  the 
newly  hatched  larva  or  Epicautn  rittatn  (la)  eating;  into  an  egtr  and  the  passaj^e  which  it  niadu 
through  the  mucous  coverinjr;  natural  si/.e.  2,  dorsal  view  of  the  l»t  larva,  or  triungulin,  of  K. 
vittaia  :  2  a,  one  i^ide  of  the  head  of  »&me  from  beneath,  greatly  enlarged  f^o  an  to  show  the  riiouth- 
partA ;  2^/,  terminal  joint  of  maxillary  palpus,  showing  imbrications  and  flattened  inner  surface 
armed  with  stout  points;  2  r,  leg,  shdwinir  more  plainly  the  t*T)al  spines;  2  e,  labriim ;  2d,  one  of 
the  alMlominal  joints  from  above,  showing  stout  points,  stigmata,  and  arrangement  of  sninous  hairs. 
3,  ecK*  of  E,  rittata,  the  natural  size  indicated  at  side.  4,  dorsal  view  of  the  carabidoia  stage  of  the 
2d  larva  of  E.  rittuta  :  4rt,  its  antenna;  4*,  its  right  maxilla  ;  4<',  its  leg;  4*/,  side  vlfw  of  same, 
showing  its  natural  position  within  the  locust-egt;  mass.  A,  lateral  view  of  the  ultimate  or  fiill-irrown 
stage  of  the  2d  larva  of  ^.  rittnta  :  ba,  portion  of  the  dorsal  skin,  showing  short  setaceous  hairs. 
6.  thirfl  head,  or  that  from  the  scaraba*idoid  stage  of  the  2d  larva  of  K.  rittata  IVoin  beneath,  show- 
ing the  reduction  of  mouth-parts  as  compared  with  the  first  heail  (2<?>;  6«,  antenna  of  same:  f*f>, 
maxilla  of  same ;  6  c,  mandible  of  same.  7,  fourth  head,  or  that  of  the  ftill-grown  larva  of  E.  rittata, 
ft"om  above :  7  «,  leg  of  same  ;  7 '/,  the  breast-plate  or  prosternal  corneous  piece,  h,  lateral  view  «»f 
the  pseudo-pupa  or  c<»arctate  larva  of  E.  rittnta,  with  the  partially  shed  skin  adhering  behind  :  8f/, 
dorsal  view  of  same;  8  ft,  its  head,  from  the  front;  So.  same  ft-oih  side;  ^d,  tnbeiculous  leg;  s  «», 
raised  spiracle ;  S  /'.  anal  part  of  same.  9.  lateral  view  of  the  true  pupa  of  Epicauta  cinerea  Forst : 
9  a,  ventral  view  of  same.  U).  Epicauttt  vittatn  (lemnlscata  or  trivlttate  var.).  11,  Epicauta 
cinerea  Forst.  (=  maruinata  Fabr.).  12.  antenna  of  the  triungulin  of  Epicautn  pennsylrunica  : 
Via,  maxiila  of  same;  12ft,  labial  {lalpus  of  same.  13.  cf  Ifornia  minutipeiini»,  dorsal  view:  \Sa, 
lateral  view  of  same  ;  18  ft,  simple  claw  of  same  ;  13  c,  cuarctate  larva;  18  cf,  leg  of  ultimate  stage  of 
2d  larva.  —  After  Riley. 
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The  females,  owing  to  their  parasitic  life,  retain  the  larval  form, 
while  the  free  males  are  winged,  not  leading  in  the  adult  stage  a 
parasitic  life,  though  passing  their  larval  and  pupal  stages  in  the 
body  of  their  host,  and  are  so  unlike  ordinary  beetles  as  to  be 
referred  by  good  authorities  to  a  distinct  order  (Strepsiptera). 

The  triungulin  stage  of  these  insects  corresponds  in  general  to  the 
form  of  the  larval  Staphylinidae  and  allied  families,  such  as  the 
Tenebrionidae,  which  are  active  in  their  habits,  running  about  and 
obtaining  their  food  in  a  haphazard  way,  often  necessarily  suffering 
long  fasts.  In  the  external-feeding,  less  active  coleopterous  larvae, 
like  the  phytophagous  species,  which  have  an  uninterrupted  supply 


Fio.  645  —Styloptt  chUdreni,  (}  :  a,  abdomen  of  Andrena  ^ith  9  Stylops  (&). 

of  nutritious  food,  we  see  that  the  body  is  thick  and  fleshy  So  also 
in  the  larvae  of  the  Scarabaeidae,  Ptinidae,  and  the  wood-boring  groups. 
In  internal  feeders,  like  the  larval  weevils  and  Scolytidae,  which  live 
nearly  motionless  in  seeds,  fruits,  and  the  sap-wood  of  plants  and 
trees,  with  a  constant  supply  of  nourishing,  oftei^  rich  food,  the  cru- 
ciform body  is  soft,  thick,  and  more  or  less  oval-cylindrical.  So  it  is 
with  the  larvae  of  Hymenoptera,  especially  in  the  parasitic  forms, 
and  in  the  ants,  wasps,  and  bees,  which  are  nearly  if  not  quite 
motionless,  at  least  not  walking  about  after  their  food. 

Now  the  change  from  the  active  triungulin  stage  to  the  series  of 
secondary,  nearly  legless,  sedentary,  inactive  stages  is  plainly  enough 
due  to  the  change  of  station  and  to  the  change  of  food.  From  being 
an  independent,  active,  roving  triungulin,  the  young  insect  becomes 
a  lodger  or  boarder,  fed  at  the  expense  of  its  host,  and  the  lack  of 
bodily  exertion,  coupled  w^th  the  presence  of  more  liquid  food  than 
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is  actually  needed  for  its  bare  existence,  at  once  induces  rotundity 
of  body  and  a  loss  of  power  in  the  limbs,  followed  by  their  partial 
or  total  atrophy. 

That  this  process  of  degeneration  may  even  occur  in  one  and  the 
same  stage  of  larval  existence  is  very  well  illustrated  by  what  we 
know  of  the  life-history  of  the  wasp-parasite  of  Europe,  Rhipiphoriis 
parculoxua.  Thanks  to  the  very  careful  and  patient  observations  of 
Dr.  T.  A.  Chapman,  we  have  a  nearly  complete  life-history  of  this 
beetle,  the  representative  of  a  family  in  many  respects  connecting 
the  Meloidae  and  Stylopid^.^  Where  Rhipiphorus  lays  her  eggs  is 
unknown.  Dr.  Chapman,  however,  found  a  solitary  specimen  of  the 
young  larva  in  the  triungulin  stage.  He  describes  it  as  "  a  little 
black  hexapod,  about  -J^  inch  (.5  mm.)  in  length,  and  j^  inch  in 
breadth,  broadest  about  the  fourth  segment,  and  tapering  to  a  point 
at  the  tail ;  a  triangular  head  with  a  pair  of  three-jointed  antennae 
nearly  as  long  as  the  width  of  the  head,  with  legs  very  like  those  of 
Meloe  larvae ;  the  tibiae  ending  in  two  or  three  claws,  which  are  sup- 
ported and  even  obscured  by  a  large  transparent  pulvillus  or  sucker 
of  about  twice  their  length ;  this  was  marked  by  faint  striae  radiat- 
ing from  the  extremity  of  the  tibiae,  giving  it  much  the  aspect  of  a 
lobe  of  a  fly's  proboscis.  Each  abdominal  segment  had  a  very  short 
lateral  spine  pointing  backwards ;  the  last  segment  terminated  by  a 
large  double  sucker  similar  to  those  of  the  legs ;  and  the  little  animal 
frequently  stood  up  on  this,  and  pawed  the  air  with  its  feet,  as  if  in 
search  of  some  fresh  object  to  lay  hold  of." 

This  almost  microscopic  larva  finds  a  wasp  grub  and  bores  into  its 
body,  probably  entering  at  a  point  near  the  back  of  the  first  or  second 
segment  behind  the  head.  Dr.  Chapman  succeeded  in  finding  the 
larva  of  the  beetle  within  that  of  the  wasp,  before  the  latter  had 
spun  up.  *•'  Assuming  that  the  wasp  larva  lives  six  days  in  its  last 
skin  before  spinning  up,  I  should  guess  that  the  youngest  of  these 
had  still  two  or  three  days'  feeding  to  do.  The  Rhipiphorus  larvae 
were  but  a  little  way  beneath  the  skin  of  the  back,  about  the  fourth 
and  fifth  segments  [counting  the  head  as  the  first],  and  indifferently 
on  either  side.  The  smallest  of  these  was  -j^  inch  in  length,  and, 
except  its  smaller  size,  was  precisely  like  the  larger  ones  I  am  about 
to  refei*  to,  having  the  same  head,  legs,  plates,  etc.  These  were  of 
the  same  size  as  those  of  the  larger  larvaB,  the  difference  in  size 
of  the  latter  being  due  to  the  expansion  of  the  intermediate  colorless 
integument." 

1  Some  facts  towards  a  life  history  of  Rhipiphorus  paradoxus.  Annals  and 
Magazine  of  Natural  History  for  October,  1870. 
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After  the  wasp  grub  has  spun  the  silken  covering  of  its  cell  the 
larva  of  Rhipiphorus  may  still  be  detected  in  some  of  them,  being 
rendered  visible  by  its  black  legs  and  dark  doi'sal  and  ventral  plates. 
"  On  extracting  this  larva,  it  bears  a  general  resemblance  in  size  and 
outline  to  the  youngest  larva  of  Rhipiphorus  that  I  had  found  feeding 
externally  on  the  wasp  grub,  but  with  the  very  notable  exception  of 
tlie  already  mentioned  black  marks.  These  are,  in  fact,  a  corneous 
head,  six-jointed  legs,  and  a  dorsal  and  ventral  series  of  plates.  I 
immediately  recognized  the  head  and  legs  as  identical  with  those  of 
the  little  black  mite  already  described,  but  presenting  a  ludicrous 
appearance  in  being  widely  separated  from  each  other  by  the  white 
skin  of  the  larva.  I  have  no  doubt  that  the  dorsal  and  ventral  series 
of  black  marks  are  the  corresponding  plates  of  the  mite-like  larva 
floated  away  from  each  other  by  the  expansion  of  the  intervening 
membrane.  By  measurement  also  they  agree  exactly  in  size,  although 
the  larva  extracted  from  the  wasp  grub  is  ten  times  the  length  and 
six  times  the  width  of  the  little  Melo6-like  larva.  In^length  it  is 
J  inch  (4.5  mm.),  and  ^^  inch  in  breadth." 

The  remarkable  changes  thus  described  in  the  larva  of  this  beetle 
after  it  has  begun  its  parasitic  life  within  the  body  of  its  host  are 
especially  noteworthy  because  the  great  increase  in  size  and  differ- 
ence in  shape,  as  well  as  in  habits,  all  take  place  before  the  insect 
has  moulted.  The  rapid  development  in  size,  and  consequent  dis- 
tension of  the  body  and  the  separation  of  the  sclerites  of  the  segments 
behind  the  head,  are  paralleled,  as  Chapman  says,  by  the  greatly- 
swollen  abdominal  region  of  the  body  in  Sarcopsylla  penetrans  and  in 
the  female  of  the  Termitidae.  In  those  insects  this  distension  is  due 
to  the  enlargement  of  the  ovaries  and  of  the  eggs  contained  within 
them,  but  in  the  Rhipiphorus  it  is  due  to  the  comparative  inactivity 
of  the  larva,  and  to  its  being  gorged  with  an  unending  supply  of 
rich  food,  the  blood  and  fat  of  its  host.  It  follows,  then,  that  if  a 
sedentary  life  and  over,  or  at  least  abundant,  nutrition  will  have 
this  effect  within  the  short  period  covered  by  the  single  first  larval 
stage  of  the  Rhipiphorus,  it  is  reasonable  to  infer  that  the  hyper- 
metamorphosis  is  also  due  to  the  same  factors. 

Chapman  then  goes  on  to  say  that  finally,  within  six  hours  of  the 
time  of  spinning  up  of  the  wasp  grub,  the  Rhipiphorus  larva  at  the 
end  of  Stage  1.,  which  is  **  usually  in  motion,  and  for  its  situation 
might  be  called  tolerably  active,  is  seen  to  lay  hold  of  the  interior  of 
the  skin  with  its  anterior  legs,  and  keeps  biting  and  scratching  with 
its  strong  and  sharp  jaws  until  it  is  able  to  thrust  through  its  head, 
when,  in  less  than  a  quarter  of  an  hour,  it  completely  emerges  by  a 
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vermifopin  movement;  and  at  the  same  time  it  casts  a  akin,  together 
with  the  black  head,  legs,  plates,  etc." 

The  latva,  now  in  its  second  stage,  passes  forward  and  seizes  hold 
of  the  upper  or  lateral  aspect  of  the  prothoracic  segment  of  the  wasp 
grub.  On  emerging  it  becomes  shorter  and  thicker,  "  and  very  soon 
loses  length  by  that  curving  forward  of  its  head  which  is  so  marked 
in  the  full-grown  larva,  and  which  does  not  exist  before  its  emer- 
gence." The  larva  is  now  found  "lying  like  a  collar  immediately 
under  the  head  of  the  wasp  grub,  and  is  attached  to  it  by  the  head, 
though  not  very  firmly.  At  this  stage  the  feeding  of  the  young 
Rhipiphorus  is  rather  sacking  than  eating. 

When  about  6  mm.  in  length  it  moults  a  second  time,  and  the  full- 
grown  larva  closely  though  superficially  resembles  a  Crabro  or  Pem- 
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phredon  larva,  the  small  head  being  beut  over  forwards.  By  the 
time  it  is  ready  to  pupate  it  has  wholly  eaten  the  wasp  larva,  and 
the  temperature  of  the  cell  being  high,  a  larva  5  inm.  long  grows 
large  enough  in  two  days  to  fill  the  top  of  the  cell  of  its  host,  and 
the  larva  is  ready  to  pupate  about  a  week  after  hatching,  so  that  its 
development  is  verj'  rapid.  The  beetles  themselves  do  not  live  in 
the  cells.  Chapman  thinks  they  hibernate,  and  that  the  eggs  are 
lai<l  in  the  spring  or  siuumer. 
We  thus  have  in  this  insect  three  larval  stages,  the  triungulin,  and 
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two  later  st^es,  the  great  differences  between  the  first  and  the  last 
two  being  apparently  due  to  their  parasitic  mode  of  life,  the  larn 
spending  its  second  stage  within  its  host,  involving  an  existence  is  a 
cell  with  a  high  temperature,  an  uninterrupted  supply  of  rich,  stimu- 
lating food,  and  a  comparatively  sedentary  mode  of  life  compared 
with  that  of  the  triuugulin  at  the  beginning  of  its  existence.  It  a 
quite  obvious  that  the  hypermetamorphosis  is  primarily  due  tu  a 
great  change  in  its  surroundings,  E.e.  the  parasitic  mode  of  life  of 


urpfld  by  which  ll  bta  cn(«r«d^«iilviEnl  \  't.'l.'l.  'ttK 
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the  beetle,  habits  of  very  rare  occurrence  in  the  Coleoptera,  numerous 
in  species  as  they  are. 

In  this  eonneution  attention  may  be  drawn  to  a  supernnuiemr 
larval  stage  observed  by  Riley  in  the  pea-  and  bean-weevils  (Figs. 
G46  and  647).  The  larva  on  hatching  has  long  slender  legs,  thuncib 
differing  from  those  of  an  ordinary  coleopterous  larva  in  having  but 
three  joints  (j,  g,  h).  This  stage  is  very  short,  and  the  legs  t^mjio- 
rary,  as,  after  entering  the  bean  or  pea,  it  casts  its  skin,  losing  its 
legs,  and  assuming  the  vermiform  shape  of  tlie  second  larval  sta^. 
In  this  case  the  change  from  a  pedate  to  an  apodous  larva  is  plainly 
enough  due  to  the  change  from  an  external  feeder,  like  a  chrysomelid 
larva,  to  a  larva  leading  a  boring,  internal,  almost  quiescent  life. 
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Certain  ichneumons  also  appear  to  have  two  distinct  larval  stR.ges, 
as  Ratzeburg  inferred  that  in  Anoraalon  there  are  four  larval  stages 
(Fig,  &iS). 

In  auotliet  ichneumon,  Klap^ek 
detected  what  he  calls  the  "  sub- 
nymph."  The  insect  pupates  within 
the  case  of  a  caddis-fly,  Silo  (Fig.  649). 

In  the  Froctoti-ypidae  there  ia  also  a 
hypennetamorphosis,  though  the  re- 
Riai'kable  precocious  stages  they  pass 
through  ai'e  rather  embryonic  than 
larval. 

In  a  species  of  Platygaster  which  is 
pai-asitic  in  the  larva  of  Cecldomia,  the 
first  larva  (Cyclop.'}  stage)  is  of  a  re- 
mai'kable  shape,  not  like  an  insect,  but 
rudely  resembling  a  parasitic  Copepod 
crustacean.  In  this  condition  it  clings 
to  the  inside  of  its  host  by  means  of 
its  hook-like  jaws,  moving  alnjiit,  as 
Ganin  says,  like  a  Cestodes  embryo 
with  its  well-known  six  hooks.  In 
this  stage  it  lias  no  nervous,  vascular, 
or  respiratory  system,  and  the  diges- 
tive canal  is  a  blind  one  (Fig.  651). 

After  moulting,  the  insect  entirely 
changes    its    form ;    it  is  thick  oval- 
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cylindrical,  neaily  motionless,  with  no  appendages,  but  with  a  diges- 
tive canal  and  a  nervous  and  vascular  syatein  (Fig,  652). 

After  a  second  moult  the  third  and  last  larval  stage  is  attained, 
and  the  insect  is  of  the  ordinary  appearani*  of  ichneumon  larvae. 

Not  less  striking  is  the  life-history  of  Polynema,  which  lays  ita 
eggs  in  those  of  a  small  dragon-fly  {Affi-icm  virgo).  The  first  larval 
stage  is  most  remarkable.  It  hatches  as  a  microscopic  immovable 
being,  entirely  unlike  any  insect,  with  scarcely  a  trace  of  oi^aniza- 
tion,  being  mei-ely  a  flask-shaped  sac  of  cells.  After  remaining  in 
this  state  five  or  six  days  it  moults. 


Fio.  «»>.  — Darelopnienl  of  Plilviruter:  A,  nUlked  «ci:  <i.  wntnl  nil  ^rin;  orWii  talk* 
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The  second  stage,  or  Histriobdella-like  form,  as  Ganin  names  it, 
is  more  like  that  leech-like  worm  than  an  insect. 

The  third  larval  form  is  very  bizarre,  though  more  as  in  insects,  hav- 
ing rudimentary  antennae,  mouth-parts,  legs,  and  ovipositor.  In  this 
condition  it  lives  from  six  to  seven  days  before  pupating  (Fig.  tWiS). 

Tlie  strange  history  of  another  egg-parasite  (Ophioneurus)  agT««s 
in  some  respects  with  that  of  the  foregoing  forms.  It  is  wh^n 
hatched  of  an  oval  shape,  with  scai-cely  any  organs,  and  differs  from 
tlie  genera  already  mentioned  in  remaining  within  its  egg-menibra»*. 
and  not  assuming  their  strange  shapes.     From  the  cylindrical  sac- 
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like  Qon-segmeated  larva  resembling  the  second  larva  of  Platygaster 
it  passes  directly  into  the  pupa  state. 

A  fourth  form,  Teleas  (Fig.  654,  A-D),  is  an  egg-parasite  of  Gerris, 
and  in  America  one  species  oviposits  in  the  eggs  of  (Ecanthus. 

The  spindle-shaped  larva  in  its  first  stage  roughly  resembles  a 
trochospheie  of  a  worm  rather  than  the  larva  of  an  insect  so  high  in 
the  scale  as  a  Hymenopter.     It  is  active,  but  after  moulting  the 
second  larva  is  oval,  still  without  segments.     Dr.  Ayers'  gives  a  pro- 
fusion of  details  and  figures  of  the 
fii-st  and  second  stages  of  our  Teleas, 
the  second  strongly  resembling  the 
Cyclops    stage   of  Ganin,     He   de- 
scribes three  stages,  and  though  he 
did  not  complete  the  life-history  of 


the  insect,  he  thinks  it  changes  to  an  ovoid  flattened  form  which 
succeeds  the  Cyclops  stage  in  other  Pteroraalidse,  and  that  there 
are  at  least  four  ecdyses. 

It  is  difficult  to  account  for  these  strange  larval  forms,  unless  we 
suppose  that  the  embryos,  by  their  rich,  abundant  foot!,  have  under- 
gone a  premature  development,  the  growth  of  the  body-walls  being 
gi-eatly  aecelerated,  the  insects  so  to  apeak  having  been,  under  the 
stimulus  of  over-nutrition  and  their  unusual  environment,  and  per- 
haps also  the  high  temperature  of  the  egg,  hurried  into  vertnlan 
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existence  on  a  plane  scarcely  higher  than  that  of  an  active  ciliated 
gas  trill  a. 

Further  observations,  difficult  though  they  will  be,  are  needed  to 
enable  ns  to  account  for  the  singular  prematurity  of  the  embno  of 
these  parasites.  That  these  stages  are  reversional  and  a  direct  in- 
heritance from  the  vermian  ancestors  of  these  insects  is  not  probi- 
ble,  but  the  forms  are  evidently  the  result  of  adaptation  in  response 


body ;  ee,  iir-Ukr  jinwcBS. 

to  a  series  of  stimuli  whose  nature  is  in  part  appreciable  but  rooslly 
unknown. 

It  may  be  noted,  however,  that  the  appearance  of  a  primitive  banil 
in  the  second  larval  stage  suggests  the  origin  of  these  forms,  as  wrll 
as  that  of  insects  in  general,  from  a  Peri])atus-like,  and  again  f^'•^: 
an  earlier  leech-like  Annelid  ancestor.  Hence  the  first  larval  or 
Cyclops  stage  is  due  to  a  precocious  development  caused  by  th* 
ininsual  environment,  and  is  simply  adaptational,  and  not  of  jihylc-- 
genetie  significance. 
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SUMMAKY  OF  THE   FACTS   AND   SUGGESTIONS  AS  TO 

THE   CAUSES   OF  METAMORPHISM 

An  explanation  of  the  causes  of  metamorphosis  is  one  of  the 
most  difficult  undertakings  in  biology,  and  the  phenomenon  has 
been  considered  as  one  of  tlie  chief  difficulties  in  the  way  of  the 
acceptance  of  the  theory  of  descent. 

A  review,  however,  of  the  facts  of  hypermetamorphism,  particu 
larly  the  life-history  of  Mantispa,  throws  much  light  on  the  subject, 
since  it  is  very  probable  that  the  supernumerary  stages  and  marked 
changes  of  form  characterizing  them  are  due  to  changes  of  environ- 
ment, of  habits,  and  of  food,  causes  which  have  exerted  such  a  pro- 
found influence  on  organic  beings  throughout  all  time.  Besides 
these,  as  the  result  of  changes  in  the  environmwlt  and  nature  of  the 
food,  we  have  the  results  brought  about  by  the  use  or  disuse  of 
sti-uctures  brought  into  existence  by  the  action  of  stimuli  from  with- 
out, the  class  of  insects  abounding  in  examples  of  temporary  struct- 
ures which  perform  a  certain  function,  and  then  disappear. 

Again,  if  the  origin  of  a  hypermetamorphosis  can  thus  be  ex- 
plained, it  follows  that  normal  metamorphosis  is  most  probably  due 
to  changes  of  habitat,  of  seasons,  of  food,  and  to  accelerated  growth 
resulting  from  the  approach  of  sexual  maturity. 

The  following  facts  and  conclusions  appear  to  be  well  estab- 
lished :  — 

1.  The  apterous  insects  (Synaptera)  are  ametabolous,  only  the 
winged  insects  undergoing  a  metamorphosis. 

2.  The  complete  metamorphosis  was  not  inherited  from  the  prim- 
itive ancestor  of  all  insects,  but  acquired  at  a  later  period  (F.  Mtiller). 
The  cruciform  type  is  a  secondary,  adaptive  form,  derived  from  the 
earlier,  campodeoid  type  of  larva. 

3.  The  earliest,  most  primitive  pterygote  insects  passed  through 
only  a  slight  metaigorphosis.  In  other  words,  as  soon  as  the  wings 
were  evolved  and  insects  became  adapted  to  live  or  take  refuge  in  a 
new  medium,  the  air,  at  the  approach  of  the  period  of  adult  life, 
with  the  ripening  or  perfection  of  the  reproductive  organs,  a  meta- 
morphosis began  to  take  place,  and  the  number  of  species  greatly 
multiplied.  On  the  other  hand,  the  Arachnida  and  Myriopoda,  in 
which  as  a  rule  there  is  no  metamorphosis,  being  confined  to  a  creep- 
ing life,  with  no  change  of  medium,  remained  poor  in  number  of 
species. 

4.  At  first  the  nymphs  mainly  differed  from  the  adults  in  lacking 
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wings,  though  having  the  same  habits;  in  holometabolous  insects, 
the  larva  became  adapted  to  entirely  different  habits  and  environ- 
ments, so  that  in  Hymenoptera,  and  especially  Diptera,  the  larva 
became  remarkably  unlike  the  imago. 

5.  Until  the  Mesozoic  age,  or  late  in  the  Carboniferous  period, 
there  were,  so  far  as  we  now  know,  only  araetabolous  and  heteronietab- 
olous  insects,  and  these  orders  (Orthoptera,  Dermaptera,  Hemiptera, 
Plectoptera,  Odonata,  and  Neuroptera)  were  not  numerically  rich  in 
genera  and  species,  while  since  early  Mesozoic  times  geological  ex- 
tinction has  reduced  their  numbers. 

6.  During  the  Mesozoic  age,  and  since  then,  the  number  of  species, 
genera,  families,  and  orders  has  greatly  increased,  and  insects  have  be- 
come more  and  more  holometabolous.  The  orders  of  Coleoptera,  Lepi- 
doptera,  Hymenoptera,  and  Diptera  are  many  fold  greater  in  number 
of  species  and  variety  of  form  than  the  heterometabolous  orders. 

The  rapid  increase  in  the  number  and  variety  of  types  of  insects 
evidently  is  correlated  with  the  profound  geological  changes  which 
took  place  at  the  end  of  the  Paleozoic  age,  involving  the  api>earance 
of  larger  continental  masses,  or  a  greater  land  area,  thus  opening  new 
regions  for  settlement.  Also  the  origin  of  flowering  plants  at  about 
this  time  undoubtedly  had  much  to  do  with  the  genesis  of  new 
adaptive  structures,  such  as  the  changes  in  the  mouth-]>arts  and 
wings. 

7.  The  process  of  njetamorphosis,  at  least  in  the  subtropical,  tem- 
perate, and  polar  regions,  is  largely  dependent  on  the  change  from 
summer  to  winter,  and,  in  the  tropics,  from  the  rainy  to  the  tlry 
season. 

As  regards  the  organization  of  larval  (nepionic)  as  compared  with 
imaginal  forms,  the  nymphs  and  larvte  of  insects  are,  with  the  excep- 
tion of  many  Diptera,  nearly  as  perfectly  developed  as  the  adult  In 
this  respect  the  immature  insect  differs  fundamentally  from  the 
larvae  of  certain  worms  (for  example,  the  pilidium  of  Xemerteans) 
and  from  the  pluteus  and  brachiolaria  stages  of  echinodenns,  which 
possess  only  digestive  and  water-vascular  organs. 

Insect  nymphs  and  larvae  also  differ  from  the  nauplius  and  zo^a  of 
Crustacea  in  having  at  birth  all  the  most  important  systems  of 
organs  (digestive,  circulatory,  respiratory,  nervous,  muscular,  with 
sometimes  a  nearly  perfected  reproductive  system)  of  the  imago, 
also  the  same  number  of  cephalic,  thoracic,  and  abdominal  segments 
and  appendages.  Metamorphism  in  insects  involves  (except  in  tb^ 
Diptera)  rather  modifications  in  the  form  and  fimctions  of  organs 
and  appendages  already  present  than  the  formation  of  new  ones.    In 
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larval  Crustacea,  the  thoracic  and  abdominal  appendages  do  not  arise 
until  some  time  after  hatching  from  the  eg^, 

8.  While  cases  of  the  suppression  or  abbreviation  of  larval  char- 
acters and  direct  development  are  not  uncommon  in  eehinoderms 
and  crustaceans,  in  insects  this  phenomenon  occurs  only  so  far  as 
yet  known  in  the  Diptera.  In  these  insects  the  polypody  in  the 
embryo  is  outgrown,  or  lost,  the  embryos  and  larvae  not  having  even 
the  temporary  rudiments  of  abdominal  appendages.  The  campo- 
deoid  characters  also  are  entirely  suppressed,  dropped,  or  lost  in  the 
more  specialized  holometabolous  orders,  Lepidoptera,  Hymenoptera, 
and  Diptera,  though  retained  in  the  more  primitive  and  generalized 
Coleoptera.  (This  proves  that  the  Coleoptera  are  lower  or  more 
primitive  and  generalized  than  the  other  orders  mentioned.)  This 
abbreviation  or  loss  of  organs  is,  as  Hyatt  and  Arms  claim,  due  to 
the  prepotency  of  acquired  characters  in  phylogeny,  and  are  also  the 
result  of  homochronous  heredity. 

''  The  Insectaof  the  more  specialized  orders,  x.-xvi.,  afford,  next  to  some  para- 
sites, the  most  notable  examples  of  this  mode  of  evolution.  Their  larval  or 
nepionic,  and  pupal  or  neanic,  stages  are  piolonged  at  the  expense  of  the 
ephebic,  winged  stage,  and  the  reasons  for  this  prolongation  are  found  in  the 
great  number  of  new  features  uitroduced  into  these  stages  of  development  in  these 
orders  as  contrasted  with  those  of  the  more  primitive,  and,  in  large  part,  more 
ancient  orders,  i.-ix.  The  law  of  tachy genesis  has  been  at  work  here,  as  in  the 
former  cases  alluded  to  above,  and  it  is  shown  in  the  encroachments  of  the 
adaptive  characteristics  of  the  caterpillar,  grub,  and  maggot  upon  the  inherited 
characteristics  of  the  Thysanuran  stage,  which  loses  its  ancestral  characteristics, 
until  in  most  cases  they  are  either  obsolete  or  recognizable  with  difficulty.'' 
(Hyatt  and  Arms,  Natural  Science,  1896,  p.  400.) 

9.  In  the  holometabolous  insects  there  is  a  resting,  quiescent 
stage  during  the  pupal  period,  when  the  insect  takes  no  food.  In 
this  resjject  the  more  specialized  insects  differ  from  other  metamor- 
phic  animals.  The  larva  has  an  abundant  supply  of  fat  lasting 
through  pupal  life,  while  in  the  quiescent  pupa,  respiration  and  cir- 
culation is  much  lessened,  the  animal  being  as  a  rule  motionless. 
This  resting  stage  is  also  necessary  for  the  histolysis  and  forma- 
tion of  the  adult  body  from  the  imaginal  buds  present  in  the  larva. 

10.  The  hypermetamorphosis  of  Mantispa,  Meloe,  Stylops,  etc., 
indicate  very  plainly  that  the  cruciform  type  of  larva  is  derived 
from  the  campodeoid,  since  one  and  the  same  insect  passes  through 
these  stages  before  reaching  sexual  maturity. 

11.  As  observed  by  Miall,  the  larva  of  insects  differs  from  that 
of  other  invertebrate  animals  in  being  larger  than  the  adult. 

12.  The  metamorphoses  of  insects  are  in  some  important  respects 
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paralleled  by  those  of  the  Amphibia.  The  case  of  psedogenesis  of 
Chironomus  affords  a  parallel  with  that  of  the  Siredon,  or  larva  of 
Ambly stoma.  Also  the  organs  and  appendages  of  the  insects,  such 
as  caterpillars,  are  present,  just  as  the  skeleton  and  other  organs  of 
the  tadpole  are  the  homologues  of  those  of  the  adult,  although  these 
parts  undergo  a  profound  modification,  and  new  structures  are  added. 
(See  the  discussion  of  this  point  by  Miall,  and  by  Hyatt  and  Arms.) 

Theoretical  conclusions ;  Causes  of  metamorphosis.  —  It  results  from 
a  review  of  the  known  facts,  together  with  reasonable  inductions 
from  such  fjicts,  that  so  far  from  opposing  the  theory  of  descent,  the 
facts  of  metamorphosis,  and  particularly  of  hypermetamorphosis, 
seem  to  afford  solid  foundation  for  the  theory.  While  natural  selec- 
tion was  not  the  initiative  cause,  it  plays  a  part  as  one  of  several 
factors;  but  the  fundamental  causes  are  the  same  as  those  which 
have  controlled  the  origin  of  species  and  of  the  larger  groups  of 
animals  in  general.  Owing  to  the  struggle  for  existence,  due  to 
overcrowding,  the  early  insects  were  forced  to  take  to  the  air,  acquir- 
ing wings  to  enable  them  to  avoid  the  attacks  of  creeping  and  run- 
ning insects.  In  the  end  the  insects  became,  owing  to  this  acquisition 
of  wings,  and  afterwards  to  the  establishment  of  a  complicated 
metamorphosis,  numerically  the  most  successful  type  of  life  in  exist- 
ence, the  number  of  species,  extinct  and  living,  mounting  into  the 
millions. 

All  aquatic  insects  are  evidently  the  descendants  of  terrestrial 
forms,  and  the  numberless  contrivances  and  temporary  larval  organs, 
particularly  of  dipterous  larvae,  are  evidently  adaptations  to  tlie 
needs  of  the  insect  during  its  aquatic  life,  and  which  are  oast  aside 
when  the  creature  passes  to  a  different  medium.  The  sudden  or 
tachy genie  appearance  of  temporary  structures,  such  as  hat^'liing 
spines,  various  setae,  spines,  respiratory  organs,  .so  characteristic  of 
dipterous  larvae,  and  of  the  protective  colors  and  markings  of  eater- 
pillars,  and  which  are  discarded  at  pupation,  or  imagination,  are 
evidently  due  to  the  action  of  stimuli  from  without,  to  the  primary 
ueolamarckian  factors,  the  characters  proper  to  each  larval  stadium^ 
and  to  the  pupal  and  imaginal  stadia,  —  characters  probably  acquirtni 
during  the  lifetime  of  the  individual,  —  becoming  finally  fijced  bv 
homochronous  heredity. 
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Abantiades,  57. 

Abbreviation  of  larval  characters,  707. 

Abdomen,  1($2. 

Abdotninal  appendages,  in  the  embryo, 
1H4;  embryonic  appendages,  476 ;  joint- 
ed appendages,  468. 

Acetabulum,  91. 

Acid,  formic,  358;  uric,  .352. 

Acinose  salivary  glands,  334. 

Acoustic  nerve,  21K). 

Acronycta,  615 ;  hast ulif era,  194. 

Acrydium.  421. 

Actias  luna,  its  cocoon-cutters,  634. 

Adelops,  630. 

Adhesive  hairs,  111,  113;  fluid,  113; 
glands,  3<)0. 

Adiscota,  672. 

Adminicnla,  <i29. 

Adranes  caucus,  57. 

Adult  insects,  tracheal  gills  of,  476. 

iEroscepsis,  265. 

iEscbna,  5;^;  rectal  respiration  in 
nymph  of,  463. 

Agriotypus,  hypermetamorphosis  of,  701. 

Aileron,  124. 

Air-sacs,  456 ;  use  of,  457. 

Aletia  xylina,  tongue  of,  66. 

Aleurodicus,  518. 

Aleyrodes,  518. 

Ali trunk,  iX). 

Alluring  glands,  391. 

Alula,  123,  125. 

Anietabola,  acquired,  599. 

Ametal)olia,  59t>. 

Amnion,  ry.M\;  absence  of,  534;  cavity, 
r)32 ;  fold,  531 ;  skin,  shedding  of,  584. 

Amphizoa,  461. 

Anabolia  furcata,  buccal  organs  of,  74. 

Anabrus,  49,  73 ;  cuticula  of,  187. 

Anal  glands,  319,  326,  372;  operculum, 
181 ;  silk  glands,  346. 

Androeonia,  197,  199. 

Anisomorpha,  371. 


Anisopleura,  lateral  gills  of,  468. 

Anobium,  293,  620. 

Anomalon,  hypermetamorphosis  of,  701. 

Anophthalmns,  brain  of,  241;  head  of, 
74;  olfactory  organs  of,  276;  salivary 
glands  of,  334 ;  tongue  of,  74. 

Anoplus,  101. 

Ant,  cement  glands  of,  360;  organ  of 
hearing  in,  291 ;  taste  in,  282 ;  phos- 
phorescent, 424;  poison  sac  of,  359; 
sounds  produced  by,  294 ;  stingless,  359. 

Antefurca,  92. 

Antennss,  57;  imaginal  buds  of,  665; 
origin  of  imaginal  from  larval,  656; 
use  of,  59,  270. 

Antennal  auditory  hairs,  292;  lobes,  237 ; 
nerves,  650. 

Anthera»a,  616. 

Anthrax,  612. 

Anurida,  51 ;  maritima,  537. 

Anurophorus,  424. 

Anus,  319;  absence  of,  300,  320;  of  em- 
bryo, 537. 

Aphides,  changes  of  color  in,  205 ;  honey 
dew  of,  364 ;  wax  glands  of,  364. 

Aphis,  616 ;  reduction  of  tarsal  joints  of, 
103. 

Aphrophora  permntata,  wings  of,  141. 

Apis,  premandibular  segment  in  embryo 
of,  52 ;  germ-layers  of,  558. 

Apneustic  type  of  tracheal  system,  459. 

Apodemes,  92. 

Apodous  larvte,  103. 

Appendages,  abdominal  jointed  append- 
ages, 468:  abdominal,  origin  of,  550, 
551 ;  alHlominal,  absence  of,  550 :  cepha- 
lic, origin  of,  548 ;  of  embryo,  548,  551 ; 
oral,  549;  thoracic,  origin  of,  550. 

Aquatic  insects,  459;  descent  of,  from 
terrestrial,  708;  life,  adaptations  to, 
460. 

Arachnida,  6. 

Arctia,  391. 
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Arctian  larvsB,  615. 

Argida,  391. 

Armature,  187,  192. 

Arolium,  97,  100,  113. 

Arthromeres,  30. 

Arthropoda,  classes  of,  3. 

Articerus,  57. 

Ascalaphus,  616. 

Asb,  on  eversible  glands,  377. 

Asilus,  mouth-parts  of,  79. 

Aspidiotus,  63H,  627;  nerii,  hypermeta- 
morphosis  of  male  of,  690;  nerii, 
metamorphosis  of  male  of,  640, 
690. 

Ateuchus  sacer,  101. 

Attacus,  mode  of  escape  from  its  cocoon, 
♦i35. 

Attacine  moths,  634. 

Attelabus,  538. 

Auditory  organs,  287. 

Audouin,  on  the  median  segment,  163; 
on  peritreme,  SK). 

Autolyca,  371. 

Auzoux,  on  the  salivary  glands  of  silk- 
worm, 332. 

Ayers,  on  embryonic  abdominal  append- 
ages, 550;  on  fecundation  of  the  egg, 
505 ;  on  hypermetamorphosis  of  Teleas, 
703 ;  on  origin  of  heart,  573. 

Baetisea,  4<)7. 

Balancers,  124. 

Balbiani,  on  the  polar  cells  of  Chironomus, 
5«0. 

Ballowitz,  on  spermatozoa,  4^)7. 

Band,  germinal,  531;  invagiuated,  538; 
overgrown,  538;  primitive,  531,  536, 
545. 

Bapata,  392. 

Basilar  membrane  of  eye,  253. 

Bee,  honey,  air-sacs  of,  458;  breathing 
of,  456 ;  cement  glands  of,  360 :  egg  of, 
521;  flight  of,  151;  head,  80;  moult- 
ing of,  611;  mouth-parts  o'f,  79;  num- 
ber of  moults  of,  618;  premandibular 
segment  in  embryo  of,  52;  salivary 
glands  of,  3.'V4;  sanitary  conditions  ob- 
served by  its  larva,  623 ;  seminal  packet 
of,  500;  si)ermatheca,  506;  tongue  of, 
80,  81 ;  trachea}  of,  458 ;  wax  glands 
of,  364. 

Bee*s  foot,  action  of,  in  climbing,  114; 
sting,  172. 

Bees,  twisted  hairs  of,  189. 


Beetles,  anal  glands  of,  372 ;  phospburo* 
cent,  424;  tongue  of,  73;  tracks  of,  106; 
walking,  103. 

Benasus  griseus,  tongue  of,  73. 

Bladder,  urinary,  36. 

Blanc,  on  salivary  glands  of  silkwoniL, 
3.'U,  332;  on  silk  glands  of  silkworm, 
340;  on  spinning  glands  of  silkwom, 
340. 

Blaps,  373;  gait  of,  109;  tracks  of,  109, 
111. 

Blastoderm,  52r>,  529. 

31atta,  43,  69 ;  egg-tubes  of,  501 ;  embiy- 
ology  of,  537. 

Blattidffi,  foetid  glands  of,  370. 

Blepharocera,  474. 

Blochman,  on  embryology  of  Mu«ra.530. 

Blood,  407;  corpuscles,  407,  419,  ^4: 
crystals  from,  407 ;  -forming  cells.  574, 
685;  gills,  475;  in  veins  of  wings,  i:!!: 
lacunar,  573;  repellent  nature  of,  ^4, 
407 ;  serum,  407 ;  tissue,  408,  419;  virs- 
sels  in  the  head,  405. 

Blow-fly,  duration  of  embryonic  life  of, 
582 ;  egg  of,  521. 

Boas,  on  spiracles  of  Melolontha  lans, 
439. 

Bobretsky,  on  embryology  of  Pieris,  529 

Body,  cavity,  formation  of,  ^Z\  566 ;  cen- 
tral, 232, 237 ;  completion  of  embryoaie. 
555;  form,  development  of  outer,  4it>8: 
mushroom, 233 ;  pedunculated,2U2,23^ : 
stalked,  232,  233. 

Boll,  on  repellent  glands,  371. 

Bombus,  219,  618;  post-embryonic 
changes  in,  661. 

Bombyx  mori,  339,  .Vi6, 405,  496,  499,  tJOS; 
embryonic  abdominal  legs  of,  552. 

Bordas,  on  poison  glands,  3158;  on  sali- 
vary glands  of  Hymenoptera,  337. 

Bot-fly,  of  horse,  475 ;  of  ox,  518. 

Bothriothorax,  62:$. 

Brain,  222,  226;  development  of.  SfiT: 
histology  of,  238 ;  modiflcations  of.  in 
different  orders,  240. 

Brauer,  on  Campodea-form  larvip,  &^ 
602 :  on  metamorphosis,  .MiK. 

Breathing,  mechanism  of,  451 ;  rectal. 
4«*.3. 

Brin,  342. 

Bristles,  188. 

Bruchus,  hypennetaroorphosis  of,  TA). 

Buccal  api)endages,  59. 

Bucculatrix,  634. 
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Biicktoo,  on  change  of  color  in  aphides, 
205. 

Buds,  ant«unal,  (kio ;  buccal,  (J65 ;  femero- 
tibial,G56;  frontal,  676;  iinaginal,  674 ; 
of  Encyrtus,  663;  Melophagus,  <>H(); 
ocular,  665 ; .  of  ovipositor,  665 ;  of 
wings,  669. 

Bugnioii,  on  composition  of  head  of  Hy- 
menoptera,  55;  on  the  germs  of  the 
sexual  glands  of  Encyrtus,  582 ;  on  the 
iniaginal  buds  of  ovipositor,  171;  on 
the  post-embryonic  changes  in  Hymen- 
optera,  ()63. 

Burgess,  oh  colors,  203;  on  hypopharyux, 
76 ;  on  scales,  195. 

Burmeister,  on  organs  of  smell,  265. 

Bursa  copulatrix,  505. 

Busgen,  on  honey  dew,  365. 

Biitschli,  on  an  under-lip  structure  in 
bee,  547;  on  origin  and  morphology  of 
the  trachea;,  447;  on  premandibular 
segment,  52 ;  on  temporary  abdominal 
appendages,  550. 

Butterfly,  atrophy  of  tarsi  of,  102 ;  olfac- 
tory organs  of,  274 ;  larval,  hibernating, 
615. 

Caddis-worm,  blood-gills  of,  475;  ever- 
sible  glands  of,  375;  pupal  mandibles 
of,  (i3;i. 

Cjeca  of  mid-intestine,  300,  325,  347,  348 ; 
secretion  of,  348. 

Calcar,  97. 

Calcaria,  VH. 

Calculi  in  intestine,  325. 

Calliphora  votiiitoria,  618:  eggs  of,  521. 

Callosamia  promethea,  192;  number  of 
moults  of,  616. 

Callosune,  202. 

Caloptenus,  43. 

Calopteryx,  54,  464. 

Caltrops,  189. 

Calypta,  124. 

Calyx  of  brain,  233. 

Campodea,  embryology  of,  22,  52 ;  ligula 
of,  721 ;  moulting  of,  616;  premandib- 
ular .segment  of,  52. 

Campodea-form  larva,  600. 

Campttdooid  characters,  loss  of,  in  holo- 
nietab(»lous  insects,  707 ;  larvoB,  600. 

Capillary  traeheie,  (i55. 

Carahiiioid  stage,  692. 

Cjyabus,  walking,  107 ;  tracks  of,  109. 

Cardiac  valvule,  312. 


Cardioblasts,  572. 

Cardo,  63. 

Carlet,  on  the  poison  apparatus  of  bees, 
357;  on  walking  in  beetles,  109;  on 
wax  glands,  364. 

Carus,  on  the  circulation,  397,  40!K 

Case-worms,  blood  gills  of,  475;  func- 
tional salivary  glands  of,  lUl ;  spinning 
glands  of,  337. 

Caterpillar,  actions  before  pupation,  644 ; 
changes  in  mouth-parts  during  meta- 
morphosis, 645 ;  eversible  sacs  of,  375 ; 
excrement  of,  before  pupation,  644; 
internal  changes  in,  645;  moulting  of, 
60!) ;  number  of  moults  in,  615. 

Catocala,  392. 

Cauliculus,  233. 

Cavity,  peripotlal,  (i(i9. 

C«cidomyia,  113;  urinary  tubes  of,  351. 

Cells,  absorbent,  328 ;  amoeboid  egg,  529 ; 
egg,  502 ;  embryonic,  of  buds  of  larval 
liCpidoptera,  ()55 ;  genital,  575 ;  setige- 
nous,  191. 

Cement  glands,  360. 

Centrosome,  525. 

Ceratopogon,  678. 

Cerci,  1«m4,  178. 

Cercopoda.  164,  178. 

Cerura,  376. 

Ceuthophilus,  393. 

Chabrier,  on  use  of  elytra,  159. 

Chalicodoraa,  542. 

Chambers,  egg,  502;  yolk,  502. 

Chapman,  on  cremaster,  636;  the  hyper- 
metamorphosis  of  Khipiphorus,  697  ;  on 
mo<le  of  escape  from  cocoon ,  632, 63!) ;  on 
the  moulting  fluid,  moulting  of  arctians, 
615 ;  on  value  of  pupal  characters,  (528. 

Chennes,  3()1. 

Cheshire,  on  admission  of  air  into  bee's 
cocoon,  623 :  on  bee's  foot,  114  :  on  bee's 
sting,  172;  on  bee's  tongue,  79,  82. 

Chiasma,  231. 

Chironomus,  .36,  491;  formation  of  the 
imago  in,  671,  678;  polar  cells  of,  580. 

Chitin,  29. 

Chlienius,  brain  of,  241. 

Cholodkowsky,  on  homologies  of  propleg 
or  abdominal  leg  of  caterpillars,  552 ; 
on  patagia,  89 ;  on  testes  of  Lepidoptera, 
49(i ;  on  urinary  tubes,  354. 

Chordotonal  organs,  289. 

Chorion,  520,  534. 

Chromatin,  498. 
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Chrysalis,  625;  mode  of  suspeDSion  of, 
637. 

Chrysopa,  517,  526. 

Chuu,  on  the  tsenidia,  445. 

Cicada,  shrilling  organ  of,  2D5. 

Cicada  septemdeclm,  616;  hatching  of, 
584. 

Cimbex,  374. 

Circulation,  of  blood,  409;  organs  of, 
397 ;  peritracheal,  397. 

Citheronia,  392. 

Claspers,  176, 179. 

Claus,  on  eversible  glands,  374. 

Clavola,  57. 

Climbing,  mode  of,  116. 

Closure,  dorsal,  of  embryo,  556. 

Clypeus.  546,  547. 

Coarctate  Diptera,  620. 

Coccidse,  male,  626;  metamorphosis  of, 
641. 

Coccinella,  moulting  of,  611. 

Cocciuellidai,  375. 

Cockerell,  on  hatching  of  mantis,  584. 

Cockroach,  455,  456,  487 ;  brain  of,  229, 
242 ;  cement  glands  of,  360  ;  chorion  of 
egg  of,  521 ;  circulation  of  blood  in 
wings  of,  410;  coUeterial  glands,  506; 
deposition  of  eggs  of,  519 ;  digestion  of, 
325 ;  egg-tubes  of,  501 ;  fcetid  glands  of, 
370;  micropyle  of  eggs  of,  523;  mode 
of  hatching,  568 ;  oiitheca  of,  517 ;  wing- 
less, 5!)8. 

Cocoon,  admission  of  air  in,  623 ;  breaker, 
6:M:  cutter,  634;  formation  of,  619; 
mode  of  escape  from,  (>35 ;  spinning  of, 
621. 

Coecal  appendages  of  stomach,  300,  325, 
347. 

Coecum  of  colon,  318,  325. 

Coelom-sac,  563,  5(i6,  576. 

Coleoptera,  embryology  of,  537;  gusta- 
tory organs  of,  284;  internal  changes 
during  metamorphosis  of,  641 ;  larval 
types  of,  «>04,  606:  number  of  moults 
of,  617 ;  olfactory  organs  of,  275 :  phos- 
phorescent, 421 ;  pupa  of,  fJI^;  salivary 
glands  of,  334;  seminal  ducts  of,  49(); 
sounds  produced  by,  293 ;  spermatozoa 
of,  497,  499 ;  tongue  of,  73. 

CoUeterial  glands,  506. 

Colon,  317  ;  ciecum  of,  318. 

Color  sense,  260. 

Colors,  201;  dermal,  203;  interference, 
201,  202;  metallic,  204;  natural,  2a3; 


optical,  201 ;  order  of  development  of, 

208. 
Comb,  tarsal,  97. 

Commissure  of  oesophageal  ring,  237. 
Conditions  of  existence,  463. 
Cone,  crystalline,  250,  251. 
Conglobate  gland,  487. 
Coniopteryx,  620. 
Conjunctivus,  61. 
Conorhinus,  616. 
Cope,  on  causes  of  segmentation  of  body 

of  arthropods,  33. 
Copidosoma,  62:). 
Copris  Carolina,  61 . 
Copulation,  signs  of,  507. 
Copulatory  pouch,  505. 
Cord,  stiginatic,  460;  supraspinal,  240. 
Corethra,  433,  460,  618 ;  auditory  organs 

of,  291 ;   formation  of  the  imago  in, 

668,  678;  plumicornis,  wing-germs  of, 

129 ;  tracheoles  of,  133. 
Corixa,  eggs  of,  538. 
Cornea,  250. 
Corneal  lens,  250. 
Corydalus,  4(i,  48,  59,  70,  460,  468. 
Corydalus  comutus,  hatching  spine  of, 

585. 
Coste,  on  pigments,  206. 
Cotylosoma,  478. 
Coxa,  95 ;  origin  of  imaginal  from  larval, 

(»6. 
Coxal  glands,  369;  sacs,  475;  of  myrio- 

pods,  14. 
Cremaster,  63(>;  absence  of,  636:  mode 

of  formation  of,  in  butterflies,  637. 
Creraastral  hook-spine,  638. 
Cricket,  487 ;  anal  glands  of,  372. 
Crop,  303,  324. 
Crustacea,  4. 
Cucujo,  424. 
Cuenot,  on   blood,  374,  408;   corrosive 

glands,  574;  digestion,  329;  leucocytes, 

421 ;  phagocytes,  421,  422. 
Cuilleron,  124. 
Culex,  461,  465,  474,  599;  formation  of 

the  imago  in,  668,  678;   mouth-parts 

of,  78 ;  phosphorescent,  424  ;  sense  of 

hearing   in,    292 ;    urinary  tubes   of, 

350. 
Cup,  spermatophore,  499. 
Cuticula,  187,  203;  new  layer  of,  forma- 
tion of,  612. 
Cyclops  stage  of  Proctotrypid  parasites, 

701. 
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Cyphon,  472. 
Cytoplasm,  625. 

Dahl,  on  constancy  of  number  of  six  legs, 
100;  on  motion  of  insects  on  smooth 
surfaces,  100,  111,  113,  116. 

Danais,  197,  381 ;  archippus,  hypophar- 
ynx  of,  7.1 ;  plexippus,  wings  of,  137. 

Danclolo,  on  amount  of  food  eaten  by  the 
silkworm,  608. 

Datana,  634. 

Datana  ministra,  moulting  of,  611 ;  sec- 
tion of  larva,  131 ;  setee  of,  188 ;  tieni- 
dia  of,  444,  448. 

Death-watch,  293. 

Deltochilum  gibbosum,  101. 

I)e  Muor,  on  tracks  of  insects,  106,  109. 

Dermal  glands,  3(>5. 

Dermaptera,  wingless,  51K$. 

Deutocerebrum,  231,  2:^7. 

Development,  direct,  598.         ♦ 

Dewitz's  discovery  of  imaginal  bud- 
stalks,  673;  locomotion  of  insects  on 
smooth  surfaces,  111 :  on  movement 
of  leucocytes  independent  of  the  cir- 
culation, 413;  openings  of  glandular 
hairs,  192;  ovipositor,  168,  170,  171; 
stigmata  of  odonate  nymphs,  439  ; 
open  tracheal  system,  460,  4<>4;  wing- 
buds,  127. 142. 

Diapheromera,  371, 616 ;  eggs  of,  517, 520. 

Diaphragm,  pericardial,  412. 

Didonis,  ,'581,  391. 

Digestion,  324. 

Digestive  canal  of  imago  in  the  fiy,  ap- 
pendages of,  297,  ,*^2, 21!M  :  formation  of, 
HH\ ;  histology  of,  320;  length  of,  not  a 
criterion  of  its  habits,  'iOl ;  primary 
regions,  299,  302. 

Dimmock,on  hypopharynx,71 ;  on  labrum 
epipharynx,  44 ;  on  pseudo-trachea,  446. 

Diplopoda,  12. 

Diptera,  coarctate,  620;  cj'clorapha,  621 ; 
development  of  imago  of,  VAii)-,  food 
reservoir  of,  305;  germs  of  genital 
glands,  580;  hypopharynx  of,  78;  lar- 
val tyi)e8  of,  607 :  mouth-parts  of,  78 ; 
olfactory  organs  of,  273 ;  origin  of  legs 
of  imago  in,  654;  orthoraphous,  621, 
626:  post-embryonic  changes  in,  6(j(); 
salivary  glands  of,  3.'^(. 

Dipterous  embryo,  suppression  of  polyp- 
ody in,  707. 

Direct  development,  5J)8. 


■  Discota,  672. 
Division  nuclei,  530. 
Donacia,  620. 
Dorsal  organ,  535. 
Doryphora,   60;    embryology   of,    544; 

hatching  spine  of,  586. 
Dragon-fly,  53;  muscles  of  flight  of,  157; 

number  of  moults  of,  616. 
Draught  power,  218. 
Drosophila,  518. 
Dryocampa,  187. 
Dubois  on  the  cucujo,  424,  426. 
Ducts,  ejaculatory,  496;  seminal,  496. 
Dufour,  gland  of,  358. 
Dujardinia,  34. 

Dyar  on  the  number  of  moults,  615. 
Dyticus,  4()1;   foot  of  male,  93,  99,  114; 

larva,  poisonous  saliva  of,  359;  mode 

of  swimming  of,  116;  teenidia  of,  445; 

trail  curves  of,  108. 

Eacles,  616. 

Ears,  288. 

Eaton,  on  nymph  stage,  591;  on  rectal 
respiration  in  nymphs  of  ephemerids, 
465. 

Ecdysis,  609,  611. 

Ectoderm,  5!^;  formation  of,  558. 

Ectotrachea,  432,  448,  684. 

Egg,  515 :  burster,  585 ;  capsule,  517, 520 ; 
cells,  504;  chambers,  502 ;  fertilization 
of,  525;  germs,  502;  guide,  18:^;  inter- 
nal structure  of,  524 ;  markings  of,  521 ; 
maturation  of,  525 ;  mode  of  deposition 
of,  518;  number  laid,  515;  ovarian, 
501;  ripe,  520;  sacs,  a»l.  517.  520; 
shell,  520:  smaller  in  holometabolous 
insects,  515 ;  tubes,  501 :  vitality  of, 
.520. 

Ejaculatory  ducts,  double  openings  of, 
486;  origin  of ,  578. 

Elater  of  CoUembola,  551. 

Electricity,  influence  of,  on  action  of 
heart,  412. 

Eleodes.  372. 

Elliott  on  color  sense,  261. 

Elmis,  462,  473. 

Elytra,  124;  glands  in,  125. 

Eiiibida*,  620. 

Embryo,  531 ;  revolution  of,  540. 

Embryology  of  insects,  515. 

Embryonic  life,  length  of,  582. 

Embryonic  membranes,  involution  of, 
55(>. 
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Embryonic,  post-,  changes,  650. 

Emery,  on  homologies  of  the  trachesB, 
443;  on  the  firefly,  424,  427. 

Empodium,  97,  111,  116. 

Empretia  stimulea,  192. 

£n<*yrtu8,55, 171;  post-embryonic  changes 
in,  «;3. 

Eudochorion,  520. 

Kndoderm,  534,  561. 

Endomesoderni,  542. 

Endosteruite,  94. 

Emiotrachea,  432,  448. 

Entomoliue,  29. 

Eutothorax,  92. 

Environment,  463. 

Ephemera,  circulation  in,  409;  double 
sexual  openings  of,  489;  nymph  of, 
lacinia  of,  61 ;  thorax  of,  91. 

Ephemerella,  466. 

Ephemeridoe,  459,  460;  double  genital 
openings  of,  A&2\  gills  of,  460;  rectal 
respiration  in,  4(>4. 

Ephydra,  36,  553. 

Epicauta,  life-history  of,  692. 

Epilabrum,  13. 

Epimerum,  89. 

Epiopticon,  231,  253. 

Epipharynx,  43,  54. 

Epipleurum,  124. 

Episteruum,  88. 

Erichson  on  sense  of  smell,  266. 

Eriocephala  calthella,  mandibles  of,  62 ; 
raaxlllie  of,  (>8. 

Eristalis,  189,  461. 

Eruciform  type  of  larva,  (302,  605,  705. 

Escherich,  on  male  genital  organs  of 
beetles,  495. 

Eupha>a,  lateral  gills  of,  468,  477. 

Euphoria  inda,  moulting  of,  611. 

Eupolus,  113. 

Eupsalis  minuta,  103. 

Eversible  sacs,  475. 

Excretion,  defined,  327  ;  process  of, 
328. 

Excretory  system,  348. 

Exner,  on  vision,  258. 

Exoohorion,  520,  534. 

Exuvia,  (iW). 

Exuvium,  (i09. 

Eye,  245);  a(»one,  251;  buds,  665;  com- 
pound, 250;  embryonic  development 
of,  5Ji7:  eucoue,  251,  252;  facetted, 
origin  of,  2,55;  glazed,  <529;  pseudo- 
cone,  261,  252;  simple,  249. 


Fabre,  on  life-history  of  Sitaris,  69. 

Facet,  250. 

Facets,  number  of,  249. 

Facetted  eye,  origin  of,  255. 

Faivre,  on  function  of  brain,  244. 

Fat,  amount  of,  in  caterpillar,  644. 

Fat-body,  419;  concretions  in,  420;  de- 
struction and  reformation  of,  in  mus- 
cids  during  metamorphosis,  685;  origin 
of,  574. 

Feet,  post-embryonic  development  of,  653. 

Female  reproductive  organs,  485,  500; 
origin  of,  575. 

Femur,  96;  formation  of,  in  imago  of 
Lepidoptera,  655. 

Fernald,  on  rectal  glands  of  Passalns, 
318. 

Fertilization  of  the  egg,  525. 

Filator,  340. 

Filippi's  glands,  345. 

Firefly,  426. 

Fischer,,  on  color  of  butterflies,  200. 

Flagellum,  57. 

Flea,  438 ;  hatching  spine  of,  586 :  hypo- 
pharynx  of,  77;  number  of  moults  of, 
617. 

Flies,  syrphid,  189. 

Flight,  148,  219;  theory  of,  150. 

Fluid,  exuvial,  612;  moulting,  612 ;  soft- 
ening fluid  of  moths  in  escaping  from 
the  cocoon,  ()35. 

Fly,  blow,  hatching  of,  585 ;  development 
of  imago  in,  666;  horse,  mouth-parts 
of,  79 ;  thorax  of,  91 ;  house,  length  of 
embryonic  life  of,  582;  thorax  of,  88; 
number  of  moults  of,  618 ;  meat,  hatch- 
ing of,  585 ;  tenent  hairs  of.  111. 

Fold,  amnion,  531. 

Folds,  gastro-ileal,  317;  giving  rise  to 
head  of  fly,  671. 

Folsom,  on  lateral  gills  of  Euphiea,  468. 

Food-reservoir,  305. 

Foot,  of  beetle,  111 ;  of  fly,  111. 

Footprints  of  beetles,  106. 

Fore-stomach,  306. 

Forel,  on  gustatory  organs,  281;  on 
honey-dew,  365 ;  on  vision,  256. 

Forficula,  454,  491 ;  foetid  glands  of,  369; 
hatching  spine  of,  585. 

Formic  acid,  358. 

Frenulum,  122. 

Fulgora,  424. 

Funiculus,  460. 

Funnel,  313. 


INDEX 


111 


Galea,  63,  64. 

Galeruea,  113. 

Ganglia,  function  of,  244 ;  fusion  of,  226 ; 
optic,  231,  232;  primitive  number  of, 
567. 

Ganglion  f  rontale,  569. 

Ganglion  opticum,  origin  of,  567. 

Ganin,  on  abdominal  imaginal  buds,  170; 
on  hypermetamorphosis  of  ichneumon 
parasites,  701. 

Gastro-ileal  folds,  317. 

Gantropacha,  552 ;  flattened  hairs  of,  194. 

(irastrophilus  equi,  475. 

Gastrula,  558 ;  stage,  535. 

Gegenbauer,  on  homology  of  wings  with 
gills,  142. 

Gehuchten,  on  histology  of  muscles,  217; 
on  the  hi.stology  of  mid-intestine,  316; 
on  the  pyloric  valvule,  315;  on  secre- 
tion, mechanism  of,  326. 

Gena,  46. 

Genital  armature,  male,  176;  cells,  575; 
claspers,  176. 

Germarium,  501. 

Germ-layers,  formation  of,  658. 

Giard  on  urinary  tabes,  351. 

Gills,  blood,  475 ;  in  embryo  insects,  476 ; 
tracheal,  459;  adult  insects,  476;  rec- 
tal, 46iJ. 

Gilson,  on  anal  glands,  373;  on  spinning- 
glands,  340. 

Gis.sler  on  anal  glands,  372. 

Gizzard,  311,  324. 

Glands,  acid,  358;  adhesive,  360':  alka- 
line, 358 ;  alluring,  391 ;  of  androconia, 
19i);  anal,  319,  372;  accessory  of  vasa 
deferentia,  497 :  cement,  3(50 ;  coUete- 
rial,  506;  conglobate,  487;  corrosive, 
374;  coxal,  369,  383;  dermal ,  365 ;  de- 
fensive, 368 ;  eversible,  368,  382 ;  Filip- 
pi's,  346;  foetid,  369;  mucous,  497; 
mushroom,  497;  odoriferous,  381;  re- 
pngnatorlal,  368;  salivarj',  331,  570; 
setiparous,  444 ;  sexual,  origin  of  male, 
579:  unicellular,  3()(>;  wax,  361. 

Glandule  mucosa;,  497. 

Gnathal  segments  of  embryo,  556. 

Gonapophyses.  167,  168. 

Gonin,  on  moulting  fluid,  613, 614 ;  on  the 
post-embryonic  changes  of  Pieris,  (351 ; 
on  process  of  pupation,  (559 ;  on  tracheas 
of  wings,  145;  on  the  wing-germs,  131. 

Gnr«jeret,  170. 

Gottsclie  on  vision,  257. 


Graber,  on  abdominal  legs  of  caterpillars, 
552;  on  blood,  408;  on  blood-gills  of 
embryo,  476;  on  climbing,  116:  on  de- 
velopment of  wings,  138 ;  on  flight,  153 ; 
on  folding  of  wings,  155 ;  on  foot-tracks 
of  beetles,  109 ;  on  heart,  398,  400,  402 ; 
on  mechanics  of  segmented  body  and 
limbs  of  insects,  31,  38;  on  mechanics 
of  walking,  103 ;  on  organs  of  hearing, 
290 ;  on  organs  of  smell,  267 ;  on  pre- 
mandibular  segment,  52;  on  respira- 
tion, 454 ;  on  successive  appearance  of 
embryonic  segments,  546;  on  swim- 
ming, 116. 

Grassi,  on  premandibular  segment  in 
Apis,  52 ;  on  Scolopendrella,  20. 

Grege,  340. 

Gr^s,  340. 

Griffiths,  on  pigments,  207. 

Grobben  on  heart,  399. 

Gromphas,  101. 

Gross,  on  color  sense,  261. 

Gryllotalpa,  572 ;  maxilla  of,  64. 

Guide,  e^^t  183. 

Gula,  46,  68. 

Gulo-mental  region,  46. 

Gummy  layer  of  silk,  340. 

Gyrinus,  471,  620. 

Haase,  on  coxal  sacs,  14;  on  eversible 
glands,  371;  on  the  formation  of  the 
copulatory  pouch,  505;  on  Scolopen- 
drella, 21,  24;  on  the  homology  of  the 
ovipositor,  171. 

Hadenojcus,  44,  392. 

Hagen,  on  colors,  201;  on  gills  of  Per- 
lids,  477 ;  on  lateral  gills  of  Euphsea 
nymph,  4()8,  477 ;  on  vestigial  gills  in 
other  odonate  nymphs,  4()9. 

Hair-fields,  197. 

Hair-forming  cells,  188. 

Hair-scales,  197  ;  tactile,  193. 

Hairs,  188;  adhesive,  111,  113;  develop- 
ment of,  193 ;  gathering,  45 ;  glandular, 
1?X),  192 ;  nettling,  191 ;  plumose,  189 ; 
tenent,  J)9,  190;  in  trachea.»,  451; 
twisted,  189. 

Halteres,  124,  ()29. 

Hammond,  see  Miall. 

Hampson,  on  scent-glands,  391. 

Haplopus,  521. 

Harpes,  180. 

Harpiphorus,  618. 

Harpyia,  375. 
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Hatching,  process  of,  583 ;  spine,  585. 

Hauser,  on  organs  of  smell,  267,  269,  279. 

Head,  42;  blood-vessels  in,  405;  comple- 
tion of  head  of  embryo,  548;  formation 
of,  in  aculeate  Hymenoptera,  57 :  lobes, 
544 ;  number  of  segments  in,  50,  54 ;  of 
Musca.  post-embryonic  development 
of,  675:  post-embryonic  development 
of  appendages  of,  653. 

Hearing,  organs  of,  287. 

Heart,  JW:  beat,  411:  free  from  histol- 
ysis, 667;  origin  of,  572,  677;  peri- 
cardial diaphragm,  402;  propulsatory 
apparatus,  401 ;  supraspinal  vessel,  403. 

Heathcote,  on  double  segments  of  Diplo- 
pods,  14. 

Heider,  on  embryology  of  Hydrophilus, 
o;J0. 

Heinemann,  on  the  firefly,  426. 

Helcodermatous  spines,  612. 

Helecomitus,  616. 

Helichus,  474. 

Heliconidae,  379. 

Helm,  on  spinning-glands,  339. 

Hemelytra,  124. 

HemerobidHi,  hatching  spine  of,  585. 

Heniimetabola,  598. 

Hemiptera,  cardo  of,  60;  foetid  glands  of, 
372;  lacinia  of,  74;  palps  of ,  68;  sali- 
vary glands  of,  333 ;  stipes  of,  69. 

Hepialus,  3*»2,  495. 

Heptagenia,  467 ;  lingua  of,  73. 

Heredity,  bearer  of,  498;  homochronous, 
708. 

Heremetabola,  597. 

Herold,  on  the  metamorphosis  of  the 
butterfly,  642 ;  on  wing-germs,  128. 

Heterochrony,  542. 

Heterometabola,  597. 

Heyraons,  on  homologies  of  the  labrum, 
43 ;  on  nature  of  elytra,  126 ;  on  origin 
of  fat-body,  575;  on  paired  sexual 
oi^enings,  493 ;  premandibular  segment, 
62 ;  on  the  primitive  segments  of  Phyl- 
lodroniia,  563 ;  on  reproductive  glands, 
675 ;  tentorium,  50. 

Hicks,  on  auditory  organs,  293;  on  olfac- 
tory organs,  26(). 

Histogenesis,  650. 

Histolysis,  643,  a')0,  678,  680,  685,  688. 

Hoffbauer,  on  the  structure  of  elytra, 
125. 

Holmgren,  on  tracheal  end-cells,  437. 

Holometabola,  598. 


Holometabolous  insects,  595. 

Holopneustic  type  of  tracheal  system,  459l 

Holoptic  head,  98. 

Homalotylus,  623. 

Homoptera,  number  of  moults  of,  616. 

Homotenous  insects,  597. 

Honey-dew,  364;  deterrent  use  of,  365; 
sac,  309;  stomach,  309. 

Hopkins,  on  pigments,  207. 

Hornia,  hypermetamorphosis  of,  693. 

Horns,  187. 

Horn,  on  loss  of  tarsi,  101;  on  Platy- 
psylla,  62. 

House-fly,  thorax  of,  88. 

Hum  of  bee,  295. 

Hunter,  John,  on  the  air-sacs,  456. 

Hurst,  on  the  formation  of  the  imago  in 
Culex,  670. 

Hybocampa,  635. 

Hydrobius,  471. 

Hydrophilus,  374,  432;  embryology  of, 
536,  537,  542,  546,  558,  575. 

Hydropsyche,  blood-gills  of,  475 ;  gills  of, 
at  all  stages,  469. 

Hydrous,  49,  50. 

Hylotoma,  52. 

Hymenoptera,  composition  of  the  head 
in,  55;  mouth-parts  of,  79,  81;  olfac- 
tory organs  of ,  277 ;  open  stigmata  of, 
4()2:  poison  glands  of,  357;  post-em- 
bryonic changes  in,  661;  salivary 
glands  of,  334. 

Hyperchiria  io,  187, 378 ;  poisonous  spines 
of,  192. 

Hypermetamorphosis,  described,  688  ; 
causes  of,  693. 

Hypodactyle,  73. 

Hypodenna,  518. 

HyiKxlermis,  188,  612  ;  origin  of  an 
imago,  678. 

Hypopharynx,  13,  54,  68,  70. 

Hypopt^re,  89. 

Icerya,  616,  626. 

Ichneumon,  622  ;  hypermetamorphosis 
of,  701 ;  poison  glands  of,  359. 

Ileum,  317. 

Imaginal  buds,  653 :  disks,  653. 

Imago,  formation  of,  in  Chironoraus,  671 ; 
Corethra,  668;  Culex,  668;  Hymenop- 
tera, 661;  I^pidoptera,  641;  Melo- 
phagus,  686 ;  Musca,  673 ;  of  fly, 
development  of  internal  organs  of. 
678;  Simulinm,  668. 
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iDcasemeut  theory,  641. 

Indusiuin,  534. 

Infra-anal  lobe,  183. 

Infracesophageal  gaiigliou,  227. 

Ingluvies,  )i03. 

Insecta,  diagnostic  characters  of,  26. 

Inse(;ts,  ancestry  of,  17 ;  namber  of  spe- 
cies of,  1 ;  relation  of,  to  other  Arthro- 
poda,  2 ;  Syraphyla,  18. 

Intestine,  fore,  embryonic  development 
of,  547 ;  formation,  imaginal,  682;  hind, 
316,  547 ;  histology  of,  316;  large,  316; 
mid,  314;  origin  of,  569. 

Invaginations  of  the  imaginal  buds,  678. 

Involution  of  the  embryonic  membranes, 
55(). 

Isotoma,  534. 

Jackson,  on  the  structure  of  the  cremas- 

tev  and  pupa,  639. 
Janet  on  muscular  fibres,  216. 
Japyx, 486. 
Jolia,  Am. 
Jugum,  123. 
Jul  us,  larva  of,  14. 

Katydid,  016. 

Kellogg,  on  Androconia,  199;  on  spin- 
ulcs,  197;  on  stria»  of  scales,  195,  198; 
on  use  of  scales,  195. 

Kennel,  on  origin  of  tracheie  of  Peripatus, 
443 

Kenyon,  on  double  segments  of  Diplo- 
ix)ds,  14  ;  on' mushroom  bodies,  234. 

Kettelhoit,  on  specific  characters  of 
scales,  195. 

Kingsley,  on  classification  of  Myriopoda, 
12. 

Kirbach,  on  salivary  duct.  330. 

Kirby  and  Spence,  views  of,  on  meta- 
morphosis, 642. 

Klapalek,  on  gills  of  ca.se-worms,  467; 
on  sub-nymph  of  Agriotypus,  701. 

Klemensiewicz,  on  eversible  glands,  377. 

Kolbe,  on  atrophy  of  tarsi,  101 ;  on  blood, 
408;  on  flight  of  Agrioninae,  159; 
on  trachea',  4;i5:  on  tracheal  gills  of 
Pcrla.  477 ;  on  embryology  of  the  mole- 
cricket,  529,  572. 

Kf>rs('helt,  on  the  egg-tubes,  502;  on  egg- 
genesis,  504. 

Korscbelt  and  Heider,  on  the  embryology 
of  insects,  531,  535,  5.T8,  554,  569,  570, 
579:    on   formation   of    the  imago  of 


Corethra,  668;  on  position  of  genital 
glands  in  myriopods,  15;  on  stem  form 
of  myriopods,  17. 

Konlaguine,  on  dorsal  opening  of  uri- 
nary tubes,  355. 

Kowalevsky,  on  embryonic  abdominal 
appendages,  550;  on  embryonic  mem- 
branes, 5f32;  on  origin  of  blood  cor- 
puscles, 574;  experiments  on  feeding 
maggots  with  lacnius,  320;  on  fat- 
body,  420;  on  embryo  origin  of  fat- 
body,  574;  on  the  mesoderm  of  the 
rudiments  of  the  appendages,  675 ;  on 
openings  of  heart,  400 ;  on  pericardial 
cells,  420;  on  phagocytes,  421,  422, 
655;  phagocytosis,  (i86. 

Kraepelin,  on  homologies  of  the  oviposi- 
tor, 168:  on  organs  of  smell,  267;  on 
taste,  282. 

Krancher,  on  the  stigmata,  438. 

Krauss,  on  eversible  glands,  371, 

Krawkow,  on  chitin,  29. 

Krukenberg,  on  colors,  202,  205,  206. 

Kiinckel  d'Herculais,  on  beating  of 
heart  throughout  the  post-embryonic 
changes,  (;80;  on  the  origin  of  the 
imaginal  from  the  larval  legs,  654. 

Kupffer,  on  fine  trachea;,  435. 

Labella,  13,  446. 

liabial  palpi,  imaginal  buds  of,  658. 

Labidura,  491. 

Labium,  68,  549. 

Labrum.  42,  79:  epipharynx,  43,  79:  ori- 
gin of,  546, 547 ;  liomologies  of,  546. 547. 

Lacaze-Duthiers  on  the  ovijwsitor,  167, 
169. 

I^ce-winged  fly,  517. 

I^chnosterna,  nervous  system  of,  225. 

Lachnus,  372. 

Lacinia,  63 ;  of  Eriocephala,  iM ;  mandi- 
ble of  Copris,  61 ;  Ephemera  nymph,  01 ; 
mandible  of  Passalus,  61 ;  mandible  of 
Pbanseus,  61 ;  mandible  of  Staphylinus, 
01. 

Lady-birds,  375 ;  bug,  375. 

Lagoa  crispata,  191,  378. 

Lamarckian  factors,  708. 

Lamina  supra-analis,  181. 

Lampyris,  425,  451. 

Landois,  on  pigment,  207;  on  sense  of 
smell,  267;  on  origin  of  the  tracheae 
and  veins  of  the  wings,  145;  on  wings 
as  respiratory  organs,  461. 


720 


INDEX 


Lang,  on  metamorphosis  of  seventeen- 
year  Cicada,  698;  on  origin  of  coxal 
from  setiparous  glands,  444;  on  Peri- 
patus,  9 ;  on  relation  of  myriopods  to 
insects,  17 ;  on  segmented  structure  of 
arthropods,  32 ;  on  respiratory  system, 
430. 

Langley,  on  the  light  of  the  firefly,  42G. 

Larva,  defined,  599;  Campodea-form,  or 
eampodeoid,  600;  growth  of,  608;  vo- 
racity of,  608 ;  eruciform,  705. 

Larvae,  apodous,  103,  653. 

Larval  insects,  tracheal  gills  of,  46(3; 
stage,  593. 

Latreille,  on  the  median  segment,  1(>3 ; 
metamorphism,  597 ;  on  the  term  pupa, 
625. 

Latzel,  on  coxal  sacs.  14. 

Layer,  superficial  protoplasmic,  of  egg, 
524,  526;  germ,  formation  of,  558. 

Leach,  on  ametabola,  etc.,  596. 

Leaping  power,  219. 

Legs,  abdominal,  of  lepidopterous  larvie, 
and  larval  sawfiies,  are  they  true  legs? 
552;  atrophy  of,  102;  mechanism  of, 
104 ;  movements  of,  105 ;  muscles  of, 
215;  post-embryonic  development  of, 
(>53,  654 ;  pulsatile  organs  in,  405. 

I^hrman,  on  organs  of  smell,  265. 

Leidy,  on  foetid  glands,  373. 

Lens,  crystalline,  250,  251. 

Lendenfeld  on  flight,  149,  151,  159. 

L^on,on  labial  palpi  of  Hemiptera,  ()8; 
tongue  of  Hemiptera,  73. 

Lepidoptera,  embryology  of,  537 ;  eversi- 
ble  sacs  of,  375;  maxillae  of,  65,  67; 
number  of  moults  in,  61(>,  617;  origin 
of  legs  of  imago,  654 ;  paired  oviducts, 
WJt ;  pup»  of,  ()28 ;  testes  of,  493,  495. 

Lepisnia,  52;  double  sexual  openings  in, 
48<). 

I/jptiform  larvsB,  600. 

Leptis,  thorax  of,  91. 

Leucarctia,  391. 

leucine,  Ii">2. 

l^uco.'ytes.  407,  421,  650,  078,  680,  (^85; 
size  of,  407. 

Leucopis,  113,  517. 

Leydig,  on  colors,  202,  204;  on  nerve-end 
apparatus  in  the  wing,  ir)3;  on  organs 
of  smell,  26(5;  on  tracheae,  432. 

Libellula.  46:^. 

Life,  embryonic,  length  of,  582. 

Liu'ht  of  the  firefly,  426;  its  use,  428. 


Ligula,  68. 

Limacodes  scapha,  606. 

Limbs,  homologies  of,  39;  mechanical 
origin  of,  34,  35 ;  lost,  reproduction  of, 
619;  result  of  disuse  of,  101. 

Limnephilus  padicus,  46;  maxilla  of,  65. 

Limulus,  5. 

Una,  374,  545,  546. 

Lingua,  (^8,  70. 

Lip,  under,  68. 

Lipochrome,  206. 

Liponeura,  475. 

Lithocolletis,  618 ;  its  cocoon-cutter,  634. 

Litognatha  nubiUfasciata,  102. 

Lobe,  axillary,  124;  infraranal,  183. 

Lobes,  oesophageal,  237;  antennal,  237; 
head,  514;  procephalic,  544,  548;  pro- 
cerebral,  232. 

I^bulas,  124. 

Locomotion,  103;  on  smooth  surfaces, 
111. 

Locust,  air-sacs  of,  424, 456 ;  brain  of,  231 ; 
csecal  appendages  of,  :)47 ;  digestive  ca- 
nal of,  298 ;  ear  of,  288 ;  head-segments 
of,  546 ;  mode  of  breathing,  451 ;  hatch- 
ing, 583 ;  moulting  of,  609 ;  nervous  sys- 
tem of,  223;  number  of  stages  of.  595: 
number  of  moults  of,  616;  olfactory 
organs  of,  272;  oviposition  of,  520; 
rectal  glands  of,  318;  reproductive 
organs  of,  488,  489. 

Locusta  viridissima,  rectal  glands  of, 
318. 

Locy,  on  pulsatile  organs  in  legs  of  Nepi- 
dse,  405. 

Lonchodes,  521. 

Loop  of  wing,  122. 

Lophyrus,  59. 

Lora,  68. 

Lubbock,  on  color  sense,  261 ;  on  vision, 
266-258;  on  distribution  of  trachese, 
433. 

Lucanus,  59,  620;  thorax  of,  m;  dama, 
nervous  system  of,  225. 

Lucas,  on  segmental  arrangement  of 
salivary  glands,  3.'^7. 

Luciola,  424,  427,  451. 

Luna  moth,  its  mode  of  escape  from  its 
cocoon.  6il5. 

Lutz,  on  blood,  275. 

Lycif»na,  381. 

Lymph,  206. 

Lyonet,  on  the  imaginal  buds,  65<>;  on 
wing-germs,  128. 
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Machilis,  104,  223,  369,  476;  hypo- 
pharynx,  72. 

MacLeod,  on  the  teenidia,  445. 

Maclo.skie,  on  the  tseuidia,  445. 

Macrotoma,  616. 

Macruroc'ampa,  375. 

Maggots.  607 ;  rat-tailed,  461,  474. 

Malachius,  374. 

Male  reproductive  organs,  485, 494;  origin 
of,  579. 

Malpighi,  on  germs  of  wings,  128;  on  the 
heart,  397;  on  the  metamorphosis  of 
silk  moth,  641 ;  on  urinary  vessels,  350. 

Malpighian  tubes,  316,  318. 

Mandibles,  59;  composite  structure  of, 
60, 61 ;  lacinia  of,  60,  61 ;  vestigial,  62. 

Manometabola,  5i)7. 

Mautida*,  coxal  glands  of,  372. 

Mantis,  odtheca  of,  517. 

Mantis  religiosa,  embryo  of,  584 ;  hatch- 
ing of,  584 ;  number  of  moults  of,  584, 
616. 

Mantispa,  46,  48,  68,  95,  97 ;  hypermeta- 
morphosis  of,  602, 690,  705 ;  life-history 
of,  t>02. 

Marchal  on  the  function  of  the  fat-body, 
420. 

Marey,  on  motion  of  insects,  111. 

Marey*s  views  on  flight,  148,  151. 

Marshall,  on  the  way  Microgaster  spins 
its  cocoon,  622. 

Mason,  Wood,  on  jointed  structure  of 
mandibles,  60;  on  Scolopendrella,  19, 
22. 

Mastopoda  pteridis,  103. 

Maxillae,  first,  62;  second,  68;  imaginal 
buds  of,  658. 

Mayer,  A.  G.,  on  the  development  of 
the  wings  of  Pieris  and  Danais,  13(>; 
on  formation  of  scales,  11K>;  on  homol- 
ogies of  tracheal,  443;  pigments,  206- 
208. 

Mayer,  Carl,  on  scales,  197. 

May-fly,  lingua  of  nymph  of,  73;  number 
of  moults  of,  616;  thorax  of,  91. 

Mechanics  of  walking,  103. 

Mechanism  of  motion,  32;  of  limbs,  35; 
of  secretion,  i^26. 

Meconium,  ^11. 

Mecoptera,  niaxilla>  of,  (>5;  number  of 
moults  of,  616. 

Median  segment,  90,  U>3. 

Medifurca,  92. 

Megalopyge,  191,  378. 
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Meinert,  on  buccal  organs  of  myriopods, 
13;  on  coxal  sacs,  14;  on  elytra,  125; 
on  hypopharynx,  78;  on  organs  of 
taste,  281. 

Melanoplus,  43,  72,  86,  456;  gastro-ileal 
folds  of,  317;  hatching  of,  583;  number 
of  stages  of,  595;  rectal  glands  of,  318: 
tongue  of,  72. 

Meldola,  on  yellow  pigment,  206. 

Melipona,  359. 

Meloe,  110, 374 ;  hypermetamorphosis  of, 
690;  lacinia  of  mandibles  of,  62 ;  num- 
ber of  moults  of,  617;  small  eggs  of, 
524. 

Melolontha,  213,  438,  455,  456,  458,  498, 
5*9,  550,  551,  562. 

Melophagus,  507 ;  post^mbryouic 
changes  in,  686. 

Membrane,  peritrophic,  313;  retaining, 
of  pupsB,  6:38;  serous,  532;  vitelline, 
520,  534. 

Membranes,  embryonic,  531;  formation 
of,  532 ;  embryonic,  involution  of,  55(). 

Menge  on  Scolopendrella,  18. 

Mentum,  54,  68. 

Merostomata,  5. 

Mesoderm,  534,  561,  5(^3;  cells,  576. 

Mesothorax,  8(). 

Metabolia,  5%. 

Metabolous  insects,  595. 

Metameric  structure,  33. 

Metamorphoses  of  insects,  593;  stadia 
of,  5i>4 ;  stages,  594. 

Metamorphosis,  causes  of,  607,  705,  708 ; 
signiflcance  of,  688. 

Metapneustic  type  of  tracheal  system, 
461. 

Metathorax,  87. 

MetschnikolT,  on  embryology  of  myrio- 
pods, 13.  16 ;  on  the  germs  of  the  geni* 
tal  glands,  580. 

Miall  and  Denny,  on  the  blood,  407;  on 
cement  glands,  361;  on  chitin,  29;  (m 
digestive  canal  of  cockroach,  316,  317; 
on  heart,  398,  402;  on  labium,  53;  on 
lingua,  72;  on  reproductive  organs  of 
the  cockroach,  487;  on  respiration, 
452;  on  salivary  glands,  331 ;.  on  tt«- 
nidia,  447:  on  the  tentorium,  49;  on 
urinary  tubes  and  products,  ;I353. 

Miall  and  Hammond,  on  the  differences 
between  the  juipa  of  I^pidoptera  and 
Diptera,  629 :  on  the  formation  of  the 
imago  of  Chironomus,  671. 
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Microcentrum,  616. 

Microgaster,  mode  of  spinning  its  cocoon, 
622. 

Micropteryx,  621,  626;  escape  from  its 
cocoon,  633;  hypopharynx  of,  76;  la- 
bium of,  76 ;  pupal  jaws  of,  <>33. 

Micropyle,  522 ;  use  of,  524. 

Mid-intestine,  314 ;  origin  of,  569. 

Minchin,  on  eversible  glands,  370. 

Mi  not,  on  cseca  of  stomach,  347 ;  on  col- 
ors, 203;  on  the  cuticula,187:  on  di- 
gestive canal,  318,  320,  321 ;  on  distri- 
bution of  tracheae,  433 ;  on  gastro-ileal 
folds,  317;  on  rectal  glands,  318;  on 
ttenidia,  445. 

Molar,  61. 

Mole-cricket.  102. 527, 543, 572. 574 ;  diges- 
tive canal  of,  330;  urinary  tubes  of,  350. 

Mosaic  theory  of  vision,  257. 

Moseley,  on  circulation  of  blood,  410 ;  on 
composition  of  chitin,  30. 

Mosqniti),  461,  4^)4,  4<»6:  poison  gland  of, 
359 ;  sense  of  hearing  of,  292. 

Moultinsr,  process  of,  609;  hairs  and 
si)ines.  612. 

Msmlts,  number  of,  615. 

Month,  ;K)2;  -appendages,  buds  of,  r)65; 
of  embryo,  537. 

Miiller,  F.,  on  blood-gills,  475;  on  larva) 
of  Psychodes  and  of  Blepharocera,  474 ; 
im  non-inheritance  of  the  complete 
metamorphosis,  595. 

Miiller,  J.,  on  alluring  glands,  391;  on 
heart,  399;  on  sense  and  organs  of 
smell,  265;  on  the  development  of 
wings,  138,  143;  on  vision,  255. 

Miiller,  W.,  on  gills  of  Paraponyx,  470. 

Miiller's,  J.,  thread,  577. 

Mumia,  625. 

Mnsca,  88,  111 ;  embryology  of,  530,  636, 
563;  wing-germs  of,  133. 

Muscidae,  appendages  of  imago,  develop- 
ment of,  674  :  post-embryonic  changes 
in,  666,  673,  678,  681. 

Muscles,  31;  of  caterpillars,  213;  of 
cockchafer,  213;  of  Cossus,  211;  de- 
struction of,  during  metamorphosis, 
680;  of  flight,  149;  of  Pygaera,  211; 
respiratory,  454 :  structure  of,  215. 

Muscular  fibres,  214;  power,  217,  219; 
system,  211. 

Musculature,  mode  of  origin  of,  574. 

Mushroom  bodies,  233. 

Mutilations,  inheritance  of,  102. 


Myriopoda,  11. 

Myrmeleon,  maxilla  of,  64;  palpifer  of, 

69. 
Mystacides,  scent  scales  of,  199. 

Nagel,  on  saliva  of  larval  Dyticas.  324. 

Nassonow,  on  double  sexual  openings. 
486. 

Necrophorus,  tracks  of,  109. 

Nematois,  496. 

Nematus,  53,  54,  618. 

Nemognatha,  epipharynx  of,  285 :  inax- 
illffi  of,  64,  65  ;  organs  of  taste  in, 
285. 

Nemoptera,  larva  of,  42. 

Nemoura,  468. 

Neolamarckian  factors,  708. 

Neolepidoptera,  ^8. 

Nepa,  523. 

Nephridia,  348. 

Nepionic  stage  or  form,  706. 

Nepticula,  60(j. 

Nerve-centre,  222. 

Nerve-centres,  functions  of,  243 :  anten- 
nal,  650. 

Nerves,  motor,  222;  motor,  degeneration 
of,  during  metamorphosis,  Ii84:  optir, 
()50;  peripheral,  transforniatiou  of. 
684;  sensory,  222;  .stomogastric.  '236  \ 
sympathetic,  238;  visceral,  2;?S. 

Nervous  system,  222;  formation  of,  5*56; 
fi'ee  from  histolysis  during  pupation, 
6(>7,  684;  origin  of,  554,  56b;  primitive 
rolls  or  strips.  5(i6;  slight  changes  in, 
during  metamorphosis,  684. 

Neuroblasts.  567. 

Neuromeres,  227,  231. 

Neuroptera,  632 ;  lingna  of,  69. 

Newman,  on  the  median  segment,  163. 

Newport,  on  changes  in  nervous  syst^^m 
of  Sphinx  during  metamorphosis.  VAis\ 
on  circulation,  409;  on  heart,  :i99;  on 
larval  Julus,  13;  on  the  meilian  seg- 
ment. l(v);  on  muscular  power,  IH;  on 
muscles  of  Sphinx,  213;  on  number  <)f 
segments  of  head,  50;  on  occiput.  48: 
on  the  process  of  moulting  in  Sphinx, 
610,  611 ;  Scolopendrella,  18:  on  sense 
of  smell,  266;  on  tentorium,  49:  on 
tracheal  gills  of  Pteronarcj-s,  476. 

Nola,  618. 

Nucleus,  division,  530;  sperm,  525. 

Nusbaum,  on  origin  of  efferent  sexual 
passages,  67o. 
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Nymphalid  pupae,  631. 

Nymph,  706;  stage,  593,  600,  sub-,  701. 

Occipital  foramen,  46. 

Occiput,  48,  53. 

Ocellus,  249 ;  development  of,  567. 

Ockler,  on  feet  of  insects,  115. 

Odouata,  53;  embryology  of,  540;  la- 
bium of,  its  mode  of  origin,  549;  lat- 
eral gilLs  of ,  468 ;  lingua  of,  73;  number 
of  moults  of,  616 ;  nymphs,  460,  463. 

Odors,  368. 

CBcanthus,  476 ;  embryology  of,  541,  544, 
549,551,573. 

CEceticus,  6.%. 

CEiiocytes,  423. 

oesophageal  valve,  311 ;  valvule,  312. 

Oesophagus,  303. 

Qi^stridw,  618. 

Oken,  on  homology  of  maxillae  with  legs, 
39. 

Olfactory  organs,  264. 

Oligonephria,  'XA. 

Oligoneuria,  46(3. 

Ommateum,  250. 

Onychiura,  t>7. 

Oolemma,  520. 

Oiitheca,  517. 

Operculum,  181. 

Optic  nerves,  <>50. 

Optic  tract,  253. 

Opticon,  2r)3. 

Oral  appendages,  549. 

Orchelimum,  534. 

Organ,  dorsal,  5:J5,  556. 

Organs,  sensory,  249 ;  of  smell,  264. 

Orgyia,  377,  618;  poisonous  hairs  of, 
192. 

Orgyia  antiqua,  number  of  moults  of, 
618. 

Orthoptera,  foetid  glands  of,  369;  num- 
ber of  moults  of,  616;  phagocytes  in, 
421 ;  salivary  glands  of,  331 ;  tongue 
of,  70.    ■ 

Orya,424. 

Osmeterium,  377. 

Osten  Sacken,  on  holoptic  heads  of  Dip- 
tera,  and  on  running  tiles,  98. 

Ostia.  .ti»7,  400. 

Otiocerus,  58. 

Oudemans,  on  relation  of  myrioiMxls  to 
iuvsects,  17. 

Oustalet,  on  rectal  respiration,  463. 

Ovarian  tubes,  501 ;  formation  of,  578. 


Ovaries,  500,  502;    formation   of,  578; 

groups  of,  502. 
Oviduct,  500,  503;  double  openings  of, 

486;  origin  of ,  578,  579. 
Oviducts,    segmental    arrangement   of, 

486. 
OvipositioD,  518,  520. 
Ovipositor,  167;  germinal  buds  of,  665; 

imaginal  buds  of,  666;  origin  of,  551. 
Ovum,  616,  521,  524. 

Packard,  A.  A.,  on  muscular  power  of 
insects,  219;  use  of  air-sacs,  457. 

Pad,  peripodal,  653. 

Pedogenesis,  708. 

Paleacrita  veruata,  maxilla  of,  66. 

Paleolepidoptera,  628. 

Palmen,  on  double  sexual  openings,  490, 
492;  on  tracheal  gills,  459,  46();  on 
the  tentorium,  50. 

Palmula,  97. 

Palpifer,  63,  68. 

Palpus,  lirst  maxillary,  63,  64,  67;  sec- 
ond, ()8;  in  Hemiptera,  68. 

Palpi,  labial,  imaginal  buds  of,  658. 

Pane ri tins,  on  wing-germs,  130,  143. 

Paniscus,  517. 

Panorpa,  abdomen  of,  162;  maxilla  of, 
65 ;  number  of  moults  of,  616. 

Panorpidas  602. 

Papilio,  377. 

Paraglossa,  54,  68. 

Parapodial  glands,  444. 

Paraptera,  89. 

Parnasftius,  381. 

Paronychium,  97. 

Paraponyx,  470. 

Passalus,  61 :  rectal  glands  of,  318. 

Pasteur,  on  the  spectrum  of  the  light  of 
the  firefly,  426. 

Patagia,  89. 

Patten,  on  embryonic  abdominal  appen- 
dages, 550;  on  the  homologies  of  the 
trachew,  444 ;  salivary  glands,  337. 

Patula,  391. 

Pauropus,  18. 

Paussus,  57. 

Pawlowa,  on  blood-vessels  in  the  head, 
405. 

Pedicel,  57. 

Pediculina,  embryology  of,  541. 

Pelidnota,  moulting  of,  611. 

Pellicle,  subimaginal,  613. 

Pelobi us,  461,475.- 
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Penis,  180;  yelnm  of,  181. 

Pericardial  cells,  405;  diaphragm,  402; 
septum,  574. 

Periopticon.  2:^,253. 

Peripatus,  9,  580 ;  nephridia  of,  349 ;  tra- 
chea of,  443. 

Peripodal  cavity,  669;  membrane,  669; 
sac,  653. 

Periplaneta,  72,  370 ;  egg-tubes  of,  601 ; 
tongue  of,  72. 

Peritoneal  membrane,  444. 

Peritracheal  circulation,  397;  membrane, 
444. 

Peritreme,  90. 

Peritrophic  membrane,  313. 

Perlidse,  69,  468,  491, 493. 

Perris,  on  organs  of  smell,  266. 

Phagocytes,  421,  650,  665,  680,  683,  685. 

Phagocytosis,  421. 

Phanaeus,  61 ;  reduced  tarsi  of,  101. 

Phanseus  pegasus,  188. 

Phaiieroptera,  44. 

Pliarynx,  302. 

Phasmid».  eggs  of,  621. 

Pliusphorescence,  424 ;  physiology  of ,  426. 

Photogenic  organ  of  beetles,  424. 

Phragma,  93. 

Phryganea,  455. 

Phyllium,  521. 

Phyllocnistis,  606. 

Phyllodroraia,  506;  embryology  of,  541, 
.'i(i3,  583 ;  eversible  glands  of,  370 ;  fat- 
body,  origin  of,  575 ;  micropyle  of  eggs 
of,  52.'i;  pleuropodia  of ,  551 ;  origin  of 
sexual  organs  of,  576,  578-580  ;  mo<le 
of  hatching,  583 ;  odtheca  of,  519. 

Phytonomus,  617. 

Phytophagous  larvn;,  606. 

Pictet,  on  blood  gills,  475. 

Pieris,  39, 614 ;  embryology  of,  546 ;  green 
pigment  of,  206  ;  post- embryonic 
changes  of,  651 ;  Aving-germs  of,  WVi. 

Pigment,  183,  203;  chemical  nature  of, 
206;  of  eye,  253;  physical  nature  of, 
206. 

Pits,  olfactory,  271. 

Planta,  6.'^. 

Plantula,  ?)7. 

Plate,  extensor,  of  foot,  116;  pressure, 
116. 

Plateau,  on  digestion,  324;  on  functions   , 
of  ganglia,  244;  on  muscular  power, 
217;    on  respiration,  453;    on  vision, 
256,  259. 


Platycrania,  521. 

Platygaster,  hypermetamorphosisof,  701 : 
sexual  cells  of,  581. 

Platypsyllus,  62. 

Platysamia,  44)0. 

Platyzosteria,  371. 

Plectoptera,  459,  466. 

Pleuropodia,  476,  551,  583. 

Pleurum,  87. 

Plumules,  198. 

Pocock,  on  classification  of  myriofwda, 
12,  21. 

Poduridse,  574. 

Poisonous  spines,  191, 199. 

Poisons,  effect  of,  on  pulsations*  412 :  oa 
hairs,  191, 19it. 

Poison  apparatus,  357 ;  glands,  357 ;  nat- 
ure of,  357. 

Polar  cells,  580. 

Polymitarcys,  467. 

Polymorphous  insects,  597. 

Polynema,  hj'permetamorphosis  of,  7t&. 

Polynephria,  354. 

Polyphemus  silkworm,  621. 

Polypodous  ancestor  of  insects,  22 ;  em- 
bryos, 550. 

Polypody.  550 ;  suppression  of  indipterooi 
embryos,  707. 

Pore-canals,  188. 

Porthesia,  529. 

Post  f  urea,  92. 

Post-gula,  M,  68. 

Post-retinal  tibres,  231,  232. 

Postscutellum,  87. 

Pouch,  copulatory,  505. 

Poujade,  on  tiight,  159. 

Poulton,  on  the  difreren<*es  betwf«B  the 
limbs  of  the  pu|)a  and  imago.  02K. 

Pra^scutum,  87. 

Pratt,  on  absence  of  poly^podous  enbrro 
in  Muscida*,  55;  on  the  doraal  pu*atM« 
of  the  stomoda*um  of  IMptera,  r».t:. 
on  epigenetic  iieriod,  (j8H;  od  fate  *4 
the  leucocytes,  685;  post-em bry««ir 
changes  of  Melophagus.  6S6;  sisaii>- 
cance  of  metamorphosis,  688 ;  on  wis^ 
bu(is.  127. 

Preantenual  api)endages,  MS. 

Premandibular  segment,  31,  ,%2,  549. 

Press  of  spinning  apparatus,  341. 

Primitive  band,  531 ;  streak,  531. 

Prionocyphon,  472. 

Prisopus,  m,  477. 

Proboscis.  446. 
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Procephalic  lobes,  544. 
Proctodteum,  537,  547,  569. 
Prodoxus.  (306. 
Pro^oneate  myriopods,  21. 
Pronotum,  87. 
Pronucleus,  626. 
Propodeum,  163. 
Propupa,  627. 
Prosopistoma,  467. 
Prostheca,  61. 
Prothorax,  86. 

ProtfK'erebrum,  231,  232;  its  representa- 
tive in  annelids,  227. 
Pro  ventricular  valvule,  313. 
f»roventriculus,  306;    "beak"  of,  312; 

formation  of,  in  imago,  682;  use  of, 

311,324,325. 
Prussic  acid,  374. 
Psephenus,  462,  473. 
Pseudoglomeris,  5%. 
Pseudonycbium,  97. 
Pseudo-trachesp,  446. 
Psoous,  616. 
Psychodes,  474. 
P.sylla,  361,  518;  glandular  hairs  of,  192; 

nymph  of,  163. 
Pteronarcys,  468,  476. 
Pterygodes,  89. 
Pterygota,  27,  595. 
Pulex,  number  of  moults  of,  617. 
Pulex  can  is,  hatching  spine  of,  586 ;  hy- 

popharynx  of ,  77. 
Pulling  power,  218. 
Pulse,  411. 

Pulvillus,  97,  114, 116. 
Pump. pharyngeal,  302;  adaptation  of,  to 

its   surroundings,  6.'U ;    armature    of, 

631 ;  structure,  (VJ2. 
Pupa,  coarctate,  621,  626;    libera,  626; 

mode  of  escape  of,  from  its  cocoon, 

632 ;  mode  of  suspension,  (>37 ;  nympha- 

lid,  (»31 ;  obtecta,  626 ;   spines  of,  629 ; 

state  defined,  625. 
Pupa,  semi,  691. 
Pupal,  pseudo-,  stage,  691;   sustainers, 

6;i8. 
Puparium,  621. 
Pupation,  mechanism  of,  661 ;    process 

of,  659. 
Pupipara,    post-embryonic   changes   in, 

(586. 
Pushing  power,  218. 
Pygidinm,  !(>.'*. 
Pyloric  valvule,  315. 


Pyrophorus,  424. 
Pyrrarctia,  617. 
Pyrrhocoris,  372. 

Quiescent  pupal  life.  598. 

Rauatra,  523. 

Raphidia,  631. 

Raschke,  on  the  rectal  respiration  of 
Culex,  465. 

Rath,  Vom,  on  larval  Julus.  13. 

Ratzeburg,  on  composition  of  head  in 
Hymenoptera,  55. 

Reaumur,  on  the  cremaster,  637 ;  on  the 
double  sexual  openings  of  Ephemera, 
489;  on  germs  of  wings,  128;  on  the 
heart,  403 ;  on  the  jnechanism  of  pupa- 
tion, 661;  on  metamorphosis,  (^2;  on 
the  origin  of  legs  of  imago  from  those 
of  the  larva,  654 ;  on  rectal  respiration, 
463;  on  sense  of  smell,  264;  on  vision, 
256. 

Rectal  glands,  318 ;  tracheal  gills,  4()3. 

Rectum,  .318;  of  embryo,  577. 

Reinhard,  on  head  of  Hymenoptera,  55; 
on  the  median  segment,  1()4. 

Reproduction,  organs  of,  485;  origin  of, 
575. 

Repugnatorial  glands,  distribution  of, 
382-. 

Respiration,  430,  451 ;  rectal,  463. 

Respiratory  system,  430;  mechanism  of, 
451. 

Resting  stage,  707. 

Retina,  origin  of,  568. 

Retinula,  cells  of,  250,  253. 

Rhabdites,  167,  517. 

Rhabdom,  250. 

Rhab<lopoda,  176. 

Rhipiphorus  paradoxus,  697. 

Rhopalum,  k\'-M\ ;  pupal  spines  of,  (>36. 

Rib,  Semper's,  121. 

Ribs  of  wings,  146. 

Ridges,  primitive,  of  nervous  system, 
5:i4. 

Riley,  on  the  cremaster,  637 ;  e,a:g-burster, 
r)«5 ;  hatching  of  seventeen-year  Cicada, 
584 ;  life-history  of  Epicauta,  692. 

Rods  of  eye,  2r»3. 

Rods,  visual,  of  eye,  origin  of,  5()8. 

Ronil)outs,  on  locomotion  of  insects  on 
smooth  surfaces,  114. 

Ru]>tor  ovi,  rtKi. 

Ryder,  on  loss  of  tarsi,  101;  on  Scolo- 
pendrella.  19. 
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Sacs,  air,  456;  use  of,  457;  cozal,  14; 
eversible,  369;  hypodermal,  653. 

Saliva,  324 ;  poisonous,  369. 

Salivary  duct  of  Stomoxys,  446;  glands, 
331, 570 ;  glands,  formation  of  imaginal 
during  metamorphosis,  683;  homo- 
logues  of  coxal  glands,  337 ;  modified, 
337 ;  segmental  arrangement  of,  331. 

Savigny  on  epipharynx,  43;  on  homo- 
logies of  appendages,  39,  71. 

Saw-tty,  374. 

Scale-hairs,  198. 

Scales,  187,  193,  202;  battledore,  198; 
development  of,  195;  distribution  of, 
19.i;  of  fly's  wing,  124;  scent,  198; 
flattened,  19:3 ;  striae  of,  194,  202. 

Scape,  57. 

Scent-glands,  39. 

Scent-scales,  198. 

Scepsis,  618. 

Scha^ffer,  on  blood,  etc.,  in  the  pupal 
wings,  14<);  the  fat-body,  420;  leuco- 
cytes, 421 ;  on  origin  of  scales,  19(j;  on 
the  rudimentary  wings,  128. 

Schatz,  on  colors  of  butterflies,  202. 

Schiemenz,  on  salivary  glands  of  bees, 
:i'i4. 

Schindler,  on  urinary  tubes,  Sol. 

Schiodte  on  blood -gills,  476. 

Schmidt,  on  the  metamorphosis  of  male 
Coccidai,  640 ;  Scolopendrella,  21,  24. 

Schneider,  on  the  funnel  of  the  proven- 
tricalus,  313;  on  spermatophorcs,  500. 

Sciara,  348,  (v«). 

Sderites,  cervical,  46. 

Scolopendrella,  18;  the  ancestor  of  in- 
sects, 17  ;  spinning  glands,  346. 

Si'udder  on  the  glazed  eye  of  pupal  but- 
terflies, 631. 

Scutellum,  87. 

Scutum,  87. 

Secretion,  definition  of,  327;  mechanism 
of,  326;  products  of,  329. 

Sectores  coconis,  f)ii4. 

Segment,  antennal,  227;  deutocerebral, 
227;  intercalary,  51;  median,  90,  163; 
premandibular,  51,  52,  228;  procere- 
bral,  231. 

Segmental  arrangement  of  genital  glands, 
486. 

Segments,  number  of,  in  head,  60,  68, 
227,  229;  optic,  231 ;  origin  of,  542. 

Seirarctia,  618. 

Selandria  larva,  mouth-parts  of,  68. 


Seminal  ducts,  496. 

Semipupa,  691. 

Semper,  ground-membrane  of,  196:  on 
origin  of  hair-scales,  195. 

Sense  organs,  special,  in  flies,  293. 

Sensory  organs,  249. 

Serosa,  532. 

Setae,  188. 

Sexual  differences,  secondary,  69, 99, 101, 
114 ;  openings,  double,  486,  490,  49L 

Sharp,  on  causes  of  segmentation  of 
Crustacea,  33 ;  on  cervical  sclerite!i,4t>; 
on  sternit«s,  92 ;  homologies  of  elytra. 
126. 

Sheep-tick,  607 ;  post-embryonic  chaoges 
of,  686. 

Sialidte,  602. 

Sialis,  462,  468. 

Siebold,  organ  of,  290;  on  spennato- 
phores,  500. 

Silk,  340;  composition  of,  346. 

Silk-fibre,  com  [position  of,  346. 

Silk-gland,  339:  anal,  346:  appendages 
of,  345;  histology  of,  334;  ro«tditied 
coxal  glands,  ^^6 ;  moulting  of,  515. 

Silkworm,  331,  ;339,  :i66;  amount  of  food 
eaten  by,  iX)i^\  functional  salivary 
glands  of,  331 ;  mode  of  escape  of,  from 
its  cocoon.  6.^5;  Polyphemns.  <r21 :  vo- 
racity of,  (i08. 

Simmermacher,  on  feet  of  insects,  IIX 

Simulium,  <i(;8,  678 :  hypopharynx  of,  78: 
wing-germs  of,  129. 

Sinclair  on  double  segments  of  Diplopods, 
14. 

Sisyra,  abdominal  appendages  of,  l(»l. 

Sitaris,  691. 

Slug-worm,  188. 

Smell,  experiments  on,  269;  organs  of. 
264,  271 ;  physiology  of,  268 :  sen^e  of, 
368. 

Smith,  on  lack  of  fore-tarsi  in  a  moth. 
102:  jointed  structure  and  lacinia  of 
mandibles,  61;  maxilla,  65,  on  scent- 
glands,  391. 

Sole,  exten.sor,  116. 

Somites,  30. 

Sorby,  on  change  of  color  in  Aphides,  9>5. 

Sounds,  293. 

Spec!  us,  585. 

Spengel,  on  color  sense,  260. 

Spermatheca,  506. 

Spermatid,  498. 

Spermatocyte,  498. 
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Spermatogonium,  498. 

Spermatophore  cap,  499. 

Spermatophores,  497,  499. 

Spermatozoa,  497,  520;  formation  of , 
498. 

Sperm-nucleus,  525. 

Sphinx,  450,  552 ;  moulting  of,  610. 

Sphinx  ligustri,  changes  during  meta- 
morphosis, 646. 

Spilosoma,  391. 

Spindle,  directive,  525. 

Spines,  187,  189;  glandular,  190;  helco- 
dermatous,  612 ;  locomotor,  612;  moult- 
ing, 612 ;  poisonous,  189. 

Spinneret,  342 ;  of  caterpillars,  75. 

Spinning  apparatus,  340 ;  at  end  of  body, 
^16 :  glands,  'X!M ;  process  of,  340. 

Spinules.  189,  197. 

Spiracles,  437 ;  types  of,  438. 

Spiral  thread,  444;  absence  of ,  447;  ori- 
gin of,  448. 

Spraying  apparatus,  370. 

Spring  of  Collembola,  551. 

Spuler,  on  pigments,  207,  208;  on  struct- 
ure of  scales,  195, 197. 

Squama,  123. 

SquaniFB,  1*24. 

Sq nam  Ilia,  124. 

Squamule,  89. 

Stadia  of  metamorphosis,  594. 

Stage,  carabidoid,  692;  gastrula,  535; 
metabolous,  594;  resting,  707;  scara- 
bseidoid,  692. 

Stages,  ametabolous,  594. 

Stagmomantis  Carolina,  embryo  of,  584; 
hatching  of,  584. 

Staphylinus,  61^  454. 

Stenobothriis  sibiricus,  swollen  fore- 
tarsus  in  male,  113. 

Stenosternus,  101. 

Sternum,  87,  89. 

Stigmata,  4.')7;  closed,  460;  closing  ap- 
paratus of,  441;  mesothoracic,  462; 
number  of,  in  the  embryo,  554 ;  number 
of  pairs  of,  439,  4<U;  position  of,  440; 
vestigial,  4()0. 

Sting,  bee's,  172. 

Stipes,  63. 

Stokes,  on  the  tnenidia,  445 ;  hairs  in,  451. 

Stomach,  chyle,  314,  325;  absorbent  cells 
of,  328 ;  glandular  cells  of,  327 ;  forma- 
tion of,  in  imago  fly,  681,  682;  origin 
of,  569. 

Stomach-^nouth,  .309. 


StomodfBum,  537,  547,  569. 

Stomoxys,  446. 

Strauss-Durckheim,  on  the  heart,  397 ;  on 
muscles  of  cockchafer,  213. 

Streak,  embryonal,  531;  primitive,  531. 

Streblopus,  101. 

Striae  of  scales,  194,  202. 

Styles,  abdominal,  176;  of  ovipositor, 
167. 

StylopidsB,  486 ;  hypermetamorphosis  of, 
696. 

Stylops  children!,  triunguUn  larva  of, 
695. 

Subgalea,  73. 

Submentum,  54,  63,  68,  69. 

Substance,  fibrillar  nerve,  238. 

Sucking  stomach,  302,  305. 

Supra-anal  plate,  181. 

Supra-oesophageal  ganglion,  231. 

Supra-spinal  vessel,  403. 

Suranal  plate,  181. 

Surroundings,  physical,  463. 

Sustainers  of  the  pupa,  638. 

Swammerdam,  on  discovery  of  air-sacs, 
456;  on  germs  of  wings,  128:  on  the 
mechanism  of  pupation,  661 ;  on  meta- 
morphosis, 599 ;  on  rectal  respiration, 
4()3. 

Swimming,  act  of,  116. 

Sym phyla,  18 ;  characters  of,  22. 

Synaptera,  27,  534,  594,  705. 

Syromastes,  372. 

Tabanus,  629 ;  mouth-parts  of,  79. 

T^nidfa,  444 ;  origin  of,  447,  448. 

Talasporia,  (5.'*4. 

Talocera,  57. 

Tanypus,  472. 

Tarsus,  96;   changes  of,  from  larva  to 

imago  of  Lepidoptera,  655;  reduction 

in  or  loss  of,  101,  102. 
Taste,  organs  of,  281. 
Tegeticula  yuccasella,  65,  66. 
Tegmina,  124. 
Tegula,  89,  124,  125. 
Telea  polyphemus,  amount  of  food  eaten 

by,  608 ;  cocoon  of,  621 ;  moulting  of, 

610;  tlioraxof,  88. 
Teleaa,  hypermetamorphosis  of,  703. 
Telephorus,  111,  538;  tenent  hairs  of,  99. 
Teuebrio,  617. 
Tenent  hairs,  99. 
Tentacle  of  maxilla,  65. 
Tentorium,  49. 
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Tergum,  87. 

Termen,  122. 

Termes,  abdomen,  162;  origin  of  wings 
of,  140,  143. 

Temies  Havipes,  64. 

Termopsis,  48,  64. 

Testes,  487,  495;  incipient  eggs  in  the 
germ  of  the  testis,  504. 

Theory  of  incasement,  VAl. 

Thomas,  on  origin  of  scent-scales,  199. 

Thorax,  86,  {\5 ;  gills  on,  468. 

Thread-plate,  575. 

Thread,  spiral,  444;  origin  of,  447,  448. 

Thyridium,  124. 

Thyridopteryx,  6^4. 

Thysanoptera,  nymph  of,  597. 

Thysanura,  72;  cercopods  of,  164;  geni- 
tal organs  of,  486. 

Tibia,  iX) ;  formation  of,  in  imago  of  Lepi- 
doptera,  655. 

Tineid  larva,  wing-buds  of,  652;  wing- 
germs  of,  129.  "^ 

Tipnla,  629;  flight  of,  151,  152;  thorax 
of,  91. 

Tissue,  connective,  574. 

Tongue,  70. 

Torulus,  57. 

TracheflB,  431,  442;  capillary,  655;  distri- 
bution of,  432 ;  end-cells,  437 ;  hairs  in, 
451;  moulting  of,  612:  origin  of,  553; 
origin  of,  in  worms,  442 ;  size  of,  433 ; 
of  wings,  144. 

Tracheal  gills,  of  adult  insects,  476 ;  rec- 
tal, 44)3. 

Tracheal  system,  amphiprcustic  type, 
462:  apiieustic  tyi)e,  459;  closed,  459; 
holopneustie  type,  459:  metapneustic 
type,  461:  iHjripnewstic  type,  4(>2;  pro- 
pncustic  type,  4<)2 :  reformation  of,  in 
metamorphosis,  6H3. 

Tracheoles,  126,  ()53. 

Tract,  optic,  253. 

Trajectory  made  by  wings,  150. 

Tribolium,  617. 

Trichodes,  tracks  of,  110. 

Trichojren,  IHS.  1«K»,  'Miii. 

Trichoptpra,  469:  api)endages.  550:  de- 
velopment of  wings  of,  142:  embryol- 
ogy of,  537;  eversible  glands  of,  375: 
haustellum  of,  75;  hypopharynx  of, 
74;  pupal  jaws  of,  (533:  spinneret,  74. 

Trilobita,  5. 

Tritooerebrum,  231,  237.   / 

Trinnguline  larva,  100,  693,  695. 


Trochanter,  496;  divided,  97. 

Trochantine,  95. 

Trogoderma,  617. 

Trophi,  54,  59,  549. 

Trouvelot,  on  the  moulting  tloid,  t>10. 

process   of   moulting  of    Telea,    (JIO; 

spinning  of  cocoon  by  Telea,  G21, 
Truxalis,  422. 
Tubercles,  187,  192. 
Tubes,  egg,  501 ;  ovarian,  501 ;  arinarr. 

316,  317,  348,  333,  572. 
Tympanum,  289. 
Typhlocyba,  616. 

Uljauin,  on  the  sexual  cells  of  the  lioiMry 
bee,  582. 

Ungues,  ift\. 

Uranidin,  206. 

Urates,  :»2. 

Urea,  352. 

Urech,  on  pigments,  206,  208. 

Uric  acid,  ;i52. 

Urinary  bladder,  351;  tubes,  316,  317, 
348 ;  absent  in  Collembola,  353 ;  exm»> 
tions  of,  351 ;  origin  of,  572:  primitive 
number  of,  352 ;  solid  contents  of,  332. 

Urine,  206. 

Urite,  163. 

Uromeres,  163. 

Uro-patagia,  183. 

I'rosome,  1(W. 

Urosternites,  163. 

Uterus,  507. 

Utriculi,487. 

I'zel,  on  the  embryology  of  Campodea. 
51,  5^i;  premandibular  segment  in 
Campodea,  51,  52. 

Vagina,  507. 

Valery-Mayet,  on  life-history  of  Sitari<«, 

691. 
Vallisneri,  on  the  cremaster,  637. 
Valvule,    cardiac,   312;    prorentricQlar. 

313 ;  pyloric,  315. 
Van  Bemuielen,  on  colors,  208. 
Vanessa  nntiopa,  (w%. 
Vanessa  io,  iWl. 
Vanessa   iirticK',  before  pupation.  044 : 

changes  in  nervous  system  during  it<^ 

metamorphosis.  64l>. 
Van  Rees.  on  p<»st-embryoDio  changv?^  of 

Muscida*,  673,  <;74. 67*'..  i»HO.  <VS.\  6M. 
Vas  deferens,  49<>:  origin  of,  579. 
Vasa  deferentia,  496;  <trigin  of,  579. 
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Vayssiere.  ou  lin^^ua  of  Ephemera^  73. 

Veins  of  wings,  121,  144. 

Velum  penis,  181. 

Venomous  glands,  358. 

Vent,  319. 

Veutriculus,  314. 

VermipsyUa,  tongue  of,  77. 

VersoQ,   on   serially   arranged    dermal 

glands,  3(i(> ;  vestigial  stigmata,  4G0. 
Vesicles,  air,  45(i;  use  of,  457;  frontal, 

t)21 ;  of  head  of  semi-pupal  fly,  677. 
Vespa  crabro,  217 ;  olfactory  organs  of, 

27<). 
Vessel,  dorsal,  397 ;  urinary,  316,  348. 
Vestigial  tracheae,  4<j0. 
Viallanes,  on  brain,  231 ;  head  segments, 

51. 
Vision,  mode  of,  by  compound  eyes,  266 ; 

by  simple  eyes,  255. 
Vitelline  membrane,  520. 
Viviparous  insects,  515. 
Volucella,  thorax  of,  91. 
Vosseler,  on  fa>tid  glands,  369. 

Wagner,  on  the  circulation,  419. 
Walking,  mechanics  of,  103,  106. 
Weaker,  on  epipharyux  of  moths,  44 ;  on 

hypopharynx  of  moths,  76. 
Wasps,  taste-organs  of,  277,  286. 
Wax,  of  butterfly,  .'364;   of  caterpillar, 

'My\  \  of  saw-rty  larva,  'M'A. 
Wax-glands,  :J6i,  [VCA. 
Weevil,  embryology  of,  538;   bean  and 

pea,  hypermetamorphosis  of,  700. 
Weismann's  discovery  of  imaginal  buds, 

5{)9,  643,  ()50 ;  on  formation  of  imago, 

67 ;   vesicle  of  semipupal  fiy,  677 ;  on 

tracheae,  434 ;  on  origin  of  trachea*,  447 ; 

on  origin  of  >vings,  127,  129;  theory  of 

histolysis,  643. 
W^est,  Tuff  en,  on  feet  of  fly,  etc.,  100;  on 

walking,  99. 
West  wood,  on  head  of  Hymenoptera,  55. 
Wheeler,  on  embryonic  abdominal  ap- 


pendages, 550;  on  the  homologies  of 
the  ovipositor,  167;  homology  and 
primitive  number  of  urinary  tubes,  354, 
356 ;  on  cenocytes,  423 ;  on  pleuropodia, 
476,  650,  651;  on  the  premandibular 
segment,  51;  on  structure  of  chorion, 
621. 

Wielowiejski,  on  blood  tissue,  408 ;  egg- 
tubes,  502 ;  fat-body,  419  ;  phosphor- 
escence, 424;  tracheae  and  their  end- 
ings, 436. 

Williston,  on  anal  glands,  372. 

Will,  on  organs  of  taste,  282. 

Wing-buds,  or  discs,  127,  129 ;  rods,  14(> ; 
sheaths,  124. 

Wingless  insects,  598. 

Wings,  120;  buds  of,  6(V1;  cells,  121;  cir- 
culation of  blood  in,  410;  development 
of  tracheae  of,  144;  development  of 
veins  of,  144 ;  embryonic  development 
of,  126;  folding  of,  154,  \bki\  imaginal 
buds  of,  653 ;  mechanism  of,  153,  15() ; 
origin  of,  138 ;  primitive  origin  of,  137 ; 
as  respiratory  organs,  461;  rudimen- 
tary, ground-membrane  of,  136 ;  spread- 
ing of,  155 ;  theory  of,  144 ;  trachea'  in, 
122 ;  veins  of,  121. 

Wistinghausen,  von,  on  tracheal  endings, 
436,  447. 

Witlaczil,  on  honey  dew,  364. 

AVood-Mason,  on  gills  of  Paraponyx,  470 ; 
on  Scolopendrella,  19,  22. 

Xiphidium,  embryo  of,  634;  indusium 
of,  534,  535. 

Yersin,  on  results  of  section  of  commis- 
sures, 245. 

Yolk,  amount  of,  524,  529;  membrane, 
520;  segmentation  of,  526;  cells,  562; 
ridge,  median,  563. 

Zaitha,  431 ;  pleuropodia  of,  651. 
Zone,  annular,  653. 
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